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ABSTRACT 
Addition of organic materials for aggregate formation improves different carbon 
pools in soil system. The carbonaceous compounds act as binding agents but they 
differ in their impact on stability of aggregates. The aggregate stability varies with 
the composition of organic manures and their transformations during 
decomposition into different carbon forms. It is hypothesized that an equivalent 
dose of organic manures will enhance aggregate stability differently considering 
that organic sources vary in the contents of humic and non-humic substances. This 
study was aimed to (i) determine humic and non-humic substances content and 
conversion rate in the local organic matter sources (ii) develop relation between the 
organic source and stable aggregate size, and (iii) water flow, organic carbon 
content and wheat yield differences due to organic amendments applied on 
equivalent basis. The characterization of local organic matter sources (Farmyard 
manure, Muncipal solid waste compost and Poultry litter) on the basis of humic 
and non-humic substances was carried out by incubating the manures at 30 ± 5 ˚C, 
and sampled at every 30 days interval for six months duration. The manure 
samples were analyzed for total organic carbon, microbial biomass carbon, total 
polysaccharides, humic acid and fulvic acid contents. The results showed that 
organic sources significantly differed in the contents of humic and non-humic 
substances. Poultry litter had higher concentrations of active carbon pools such as 
microbial biomass carbon (27.7 g kg-1) and polysaccharides (6.93 mg kg-1) while 
MSW compost had highest content of humic acid (15.2 g kg-1) than other manures. 
After characterization, the effect of equivalent levels of the organic manures i.e. 
control, 0.25 %, 0.5 % and 1 % soil organic carbon on soil physical properties and 
xx 
 
 
 
 
 
wheat yield was studied by executing a field experiment conducted at two different 
sites viz., Experimental Farm at AAUR and University Research Farm at Koont for 
two years (2012 and 2013), using wheat (Cv. Chakwal 50) as a test crop. Total 
organic carbon, saturated hydraulic conductivity, dry aggregate size distribution, 
wet aggregate stability of soil, grain yield and total biomass yield of wheat crop 
were recorded. The total organic carbon status of soil varied non significantly 
among the amendments. The application of 0.25 % level of FYM and PL at AAUR 
site significantly increased the mean weight diameter (MWD) of dry aggregates up 
to 25 % each, as compared to control. At Koont site, the application of FYM (1.0 
% level) showed improvement in MWD up to 6.25 % from control. Considering 
the MWD of wet aggregates, the results showed that the application of 0.25 % 
level of MSW compost at AAUR site and FYM at the rate of 0.5 % level at Koont 
site shown significant improvement with the values of 96.5 % and 73.6 %, 
respectively. The aggregate formation and stability of various aggregate size 
fractions improved with different sources of carbon. The carbon associated with 
different sized aggregates was averagely 12.9 g kg-1 with the application of MSW 
compost. MSW compost stabilized the soil aggregates significantly due to its 
highest humic acid content, which resulted into increased hydraulic conductivity 
rate (51 mm h-1) over control (47 mm h-1) in the soil. These results conclude that 
soil structural stability is dependent on the composition of the applied organic 
sources particularly their humic acid content. 
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Chapter 1 
INTRODUCTION 
 
The Pothwar plateau (Latitude 32˚ 10’ to 34˚ 9’ N and Longitude 71˚ 10’ to 
73˚ 55’ E) located in the northern Punjab province, Pakistan, is a large area where 
agriculture depends solely upon rainfall, hence called rainfed tract. Northern parts 
of Pothwar plateau situated at the bottom of Himalayas mountain receive higher 
degree of precipitation. As the distance from the Himalayas increases, rainfall 
pattern changes and it decreases steadily. Therefore, the climate of the plateau 
varies from sub-humid to semi-arid, moving from north-eastern parts to the 
southern parts (Nizami et al., 2004). Even though, the total rainfall of the area is 
adequate for cropping, but the seasonal rainfall pattern does not correspond with 
the requirements of crop at different growth stages (Sahi et al., 1997). During 
winters, wheat is the major crop grown on most of the cultivable land of Pothwar, 
while most of the total annual rainfall is usually received during summer monsoon. 
Consequently, the average yields of the major crop of Pothwar plateau are far 
below its acknowledged potential due to less soil moisture levels. Soil moisture can 
be conserved by the presence of good soil structure. 
A well developed soil structure is indicated by the abundance of soil 
aggregates and plays an important role in sustainable agricultural management and 
soil productivity. It reflects its effects on hydraulic conductivity, gaseous transport 
within the soil, seed germination, root respiration and eventually plant growth. The 
degree of soil aggregation, mean weight diameter (MWD), aggregate size 
distribution and aggregate stability (Yoder, 1936; Kemper and Rosenau, 1986; 
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Kemper and Koch, 1966) all are result of the interaction between different 
inorganic and organic binding agents present in soil system. 
Soil structural destruction occurs mostly due to the loss of soil organic 
carbon triggered by unsustainable soil cultivation and soil erosion (Grandy et al., 
2002). Eroded soils have consistently shown lower surface soil organic carbon and 
nutrient concentrations in upper profiles than cultivated ones. This is also true for 
other physical properties such as soil texture and saturated hydraulic conductivity 
(Heckrath et al., 2005; Papiernik et al., 2005; Fenton et al., 2005).  
In several conceptual models the increase of aggregate stability after 
organic manures addition to the soil is related to the decomposition dynamics of 
the inputs. The effect of different composted and un composted materials on soil 
aggregate stability with time varies after their application to soil (Monnier, 1965). 
Some materials show strong effects within a month on aggregate stability, while 
less readily decomposable products, such as decomposed manure, show smaller 
but comparatively better effects on yearly basis. Several authors believed that the 
temporary effects of organic materials on stability of aggregates were the result of 
the production of microbial products while the persistent effects were due to 
development of stable compounds such as humic substances (Guckert et al., 1975; 
Golchin et al., 1994; Chenu et al., 1998; Six et al., 2000).  
Soil organic carbon, in its totality, includes soil organisms (e.g. microbial 
biomass), simple organic compounds (e.g. polysaccharides), large and complex 
humic substances, as well as relatively fresh residue in various stages of 
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decomposition (Weil and Magdoff, 2004). Humic substances account for the 
largest and most decomposed proportion of soil organic matter (SOM) with 
chemically complex and ill-defined structure. For simplification of their study, 
humic substances are fractionated into fulvic acid, humic acid and humin (Swift, 
1996).  
The various components of organic carbon play very important role in 
aggregate formation and stability. The polysaccharides are highly complex 
polymers, consisting of many structural units, and are naturally resistant to 
decomposition or become resistant through reaction with other soil constituents 
and serve as binding agents (Martens and Frankenberger, 1992). Microbial 
biomass carbon is an active form of carbon and it influences the aggregate 
formation and stability. Humic substances account for the largest and most 
decomposed proportion of SOM with chemically complex and ill-defined 
structure, and act as persistent binding agent for stabilization of aggregates. The 
induced aggregate stability by organic materials (Six et al., 2004) and relationships 
between different factors and aggregation (Lynch and Bragg, 1985) is well 
documented. In most studies, the organic amendments used for structural 
rehabilitation were characterized by their elemental composition but information 
about bio chemical products such as contents of humic and non-humic substances 
were seldom provided. 
It is hypothesized that addition of organic manures at equivalent levels will 
enhance aggregate stability differently due to the differences of humic contents 
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within the organic manures. This study was aimed to accomplish the following 
objectives:  
1) Determine the dynamics of humic and non-humic substances content in the 
local organic matter sources. 
2) Develop relation between the organic sources and different stable aggregate 
size classes. 
3) Field saturated hydraulic conductivity, organic carbon and wheat yield 
differences due to organic amendments applied on equivalent dose basis. 
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Chapter 2 
REVIEW OF LITERATURE 
 
2.1  ORGANIC AMMENDMENTS EFFECT ON SOIL STRUCTURE 
Soil structure (e.g., aggregation) influences many soil properties such as 
water infiltration, aeration and drainage, which affect crop growth and yield while 
also provides habitat for soil biota. Water stable aggregates (aggregate stability) 
are indicators of good soil structure, and are also essential for carbon storage and 
stabilization in soil (Balesdent et al., 2000). Conservation of aggregate stability is 
very essential to avoid degradation of soil structure due to mechanical stresses or 
climatic influences (e.g. rainfall).  
The formation and re-stabilization of disintegrated aggregates through 
natural mechanisms and organic amendments is largely dependent upon soil 
inherent properties like organic matter content, soil texture etc. Fresh residue forms 
the flocculation center for aggregation mechanism (Jastrow and Miller, 1997; Six 
et al., 1998) by producing microbial by-products that forms a bridging network 
between particulate organic matter and soil particles to form aggregates.  
Accordingly, such processes like improved microbial activity through 
organic inputs compose an environment in the soil system which stimulates the 
process of aggregate formation.  
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The importance of organic materials as binding agents for soil aggregates 
holds true for moderately weathered soils (such as Pakistani soils), where the 
negatively charged SOM and clay minerals are mutually attracted to positively 
charged polyvalent metallic cations. Aggregation is more related to organic matter 
additions in less weathered soils (Six et al., 2000).  
The process of drying can enhance the formation of intermolecular 
associations between organic molecules and mineral surfaces (Kemper and 
Rosenau, 1986) and the adsorption of iron oxides on clay domain surfaces 
(Schahabi and Schwertmann, 1970), so the effects of cyclic drying and re-wetting 
on soil structural properties are still unsolved mysteries. On the contrary, re-
wetting or slaking (aggregate disruption by air or water) can offset the positive 
effects of drying. The balance between these neutralizing processes significantly 
depends upon soil properties, such as soil texture, SOM content etc (Caron et al., 
1992; Haynes and Swift, 1990).  
The effect of plant roots to aggregation mechanism is variable, plant roots 
can enhance the formation and stability of aggregates by physically holding soil 
particles, producing such substances which can act as binding agents and 
stimulating microbial biomass carbon (Jastrow et al., 1998).  
Soil degradation in regions such as Pothwar has become increasingly 
important due to brisk losses of SOM through decomposition because of harsh 
climatic conditions.  As addition of organic inputs influences many soil properties 
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(Lado and Ben-Hur, 2009), so such practices would generally increase the soil 
productivity on sustainable basis.  
Due to these well established facts, the application of organic materials 
represents an obvious choice to remedy soil degradation. Soils from the Pothwar 
area particularly and generally from Pakistan have less than 0.5% SOM content (on 
weight basis) and should be supplemented with the organic inputs as common 
agricultural practice. As a consequence, hydraulic properties like hydraulic 
conductivity, moisture content, infiltration rate and soil moisture retention would 
be improved by the interactions between the bio chemical compounds of applied 
organic materials and the soil components (Wang et al., 2003; Coppola et al., 
2004), modifying the infiltration and moisture retention throughout the soil 
column, consequently improve the crop productivity.  
The effect of different organic materials application on soil physical and 
chemical properties varies with the soils (Walker and Bernel, 2008). While the 
improvement of soil physical properties is mostly dependent on improvement of 
soil organic carbon status in the soil and some researchers have considered the 
variation of soil physical properties by the application of organic materials (Lado 
and Ben-Hur, 2009), further studies are still needed under a wide variety of 
conditions, soils and different organic materials. The potential impact of organic 
materials on different soils will be variable, depending on the type of soil and the 
composition of organic matter applied (Virto et al., 2008; Lakhdar et al., 2010). 
The contribution of soil organic matter the soil aggregate formation and structural 
stability is well documented (Tisdall and Oades, 1982). Addition of less 
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decomposed organic materials to the structurally unstable soils usually promotes 
an improvement in the activity of soil microbes, which results into the creation of a 
variety of binding agents like fungal hyphae (Beare et al., 1997), microbial by-
products, polysaccharides etc (Pare et al., 1999). Conversely, few researchers have 
tried to investigate the links between these binding agents and soil aggregate 
stability regarding the initial biochemical composition of different organic 
materials. The amendments containing lightly decomposed organic products in 
soils generally results in higher and quicker enhancements in soil aggregate 
stability in contrast to the passive materials, which may have slighter but persistent 
effects (Lal and Shukla, 2005).  
Monnier (1965) developed a conceptual model (Figure 1) concerning the 
temporal variation in soil aggregate stability with the application of different kinds 
of organic materials in which easily degradable organic materials induced a higher 
but temporary improvement whereas humified products induced a weaker but more 
steady effect. When glucose was added to soil, a significant but transient 
improvement in aggregate stability was observed, while the effects were inverse 
when cellulose was added (Abiven, 2009). So the better understanding of the 
relationships between stability and the carbon content within aggregates is required 
to explain the variable effects of different organic amendments. 
Erosion induced changes in soil properties proved to be very drastic at the 
field scale. These changes have consistently shown that surface soil organic carbon 
content and nutrient concentrations are higher in upper horizons of soil profiles in 
uncultivated areas than the eroded soils, and it also holds true for the other physical  
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Figure 1:  Aggregate stability dynamics after addition of different organic 
inputs according to Monier’s conceptual model (Abiven et al., 2007). 
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properties such as soil texture and saturated hydraulic conductivity (Heckrath et 
al., 2005; Papiernik et al., 2005; Fenton et al., 2005). Soil properties and yields can 
also be improved by supplementing the removed soil with the new soil, and it is 
better treatment than any other chemical amendment (Larney et al., 2000). It is 
beneficial to replace the top soil to improve soil quality for crop growth in eroded 
areas (Grote and Al-Kaisi, 2007).  
Gajie et al. (2006) comparatively investigated the abundance of different 
sized aggregates and wet aggregate stability of humus horizon of young and 
mature gleyic fulvisol. A decline in the SOM content, aggregate size distribution 
and soil aggregate stability in plough and sub-plough horizons observed due to 
excessive cultivation. In these horizons, the weight of 0.25–10 mm aggregate size 
fraction was reduced about twice while the very coarse aggregates were increased 
from 48.3 to 62.1 %. Pare et al. (1999) concluded that an addition of 4.5 t ha-1 of 
fresh organic material annually performed better as compared to the input of 23 t 
ha-1 only once.  
Due to exhaustive cropping and erosion, the soil structure is degraded 
which is the core cause of low productivity. All other soil fertility problems 
originate due to a bad structure of soil. Alegre and Cassel (1996) evaluated the 
various land clearing management systems on Typic Paleudults at Yurimaguas, 
Peru. Mechanical clearing significantly reduced the infiltration rate up to 95 mm h-
1 for the shear blade and 35 mm h-1 for the straight blade. Soil loss for alley 
cropping on sloping soils was significantly lower as compared to two annual crops 
per year. The infiltration rate under legumes grass associations was also reduced 
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from 127 to 41 mm h-1 after 5 years of intensive grazing. Structure can simply be 
defined as arrangement of soil particles and a well developed structure is vital for 
sustainable crop production on agricultural soils because it noticeably influences 
moisture retention, resistance to disintegration of soil particles, nutrient 
availability, crop growth and yield (Alagoz and Yilmaz, 2009). It is of great 
concern for the soil scientists to improve the structure because it can affect the 
efficient growth of plants.  
Soil aggregate stability is a key stone factor regarding problems of soil 
fertility and environmental concerns. Resistance of the aggregates towards physical 
disruption controls many soil functions like soil crusting and erosion, seed 
germination and rooting of cultivated crop plants and the ability of a soil to 
sequester organic carbon by physically conserving organic compounds. Organic 
products of decay, such as complex polymers, chemically interact with soil 
particles. These particles orient the clays into packets, which form bridges between 
individual soil particles, thereby binding them together in water-stable aggregates 
(Albiach et al., 2001; Adesodun et al., 2001; Spaccini et al., 2002).  
The physical and chemical properties of total organic carbon in addition to 
its amount are important for the stability of soil organic matter (SOM) in soil. 
Lehmann et al. (2001) conducted an experiment with the objectives to identify 
dynamics of different SOM pools on the Xanthic Ferralsols in the central Amazon, 
and to evaluate the effects of planting single trees on different properties of SOM 
in a mixed tree crop plantation. 
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To characterize the SOM by physical means, aggregate and density 
fractionation was employed. The particulate organic matter (POM, density < 1.6 
Mg m−3) varied between sites and sensitively indicated the land use changes. The 
mechanism of aggregation enhanced the proportion of stable SOM. Among the 
different aggregate fractions, 0.25–0.5 mm aggregate size fraction significantly 
showed the effects of single tree plantation. The replacement of SOM was higher 
under those tree species which contained low quality litter. The results also showed 
that high quality litter failed to improve amounts of total SOM. These results 
indicated the significance of aggregation and POM dynamics for SOM 
stabilization in the studied soils. 
Biological way of stabilizing the aggregation for sustainable agriculture, 
need of present time, can only be achieved by enhancing the opportunities of 
chemical bonding between organics and soil mineral particles. For the 
transformation of small aggregates into the larger and stable aggregates, the 
physical binding of fine grass roots and fungal hyphae can also be utilized (Denef 
et al., 2002).  
Alagoz and Yilmaz (2009) studied the influence of organic inputs on 
aggregate formation and stability in unstructured soil (Lithic Rhodoxeralf) by 
establishing a pot experiment in the controlled conditions for an incubation period 
of seven-month. Treatments were K-Humate (25, 50 and 100 kg ha-1), 
Concentrated Plant Extract (50, 100, 200 kg ha-1) and Molasses (50, 100, 200 kg 
ha-1). The formation of 2 – 1 mm and 0.5 – 0.25 mm aggregates was significantly 
improved by the application of K-Humate, while the application of concentrated 
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plant extracts significantly enhanced the formation 0.5–0.25 mm aggregates. The 
aggregates sized as 8 – 4 mm and 1 – 0.5 mm were significantly stabilized by the 
application of K-Humate. The application of concentrated plant extracts and 
molasses significantly improved the stability of 0.5–0.25 mm and 8–4 mm 
aggregates, respectively. Climate also affects the aggregation of soil particles due 
to its high impact on SOM levels, especially in Pothwar area of Pakistan which lies 
in a region where the temperature is high and the soil moisture is completely 
dependent on the amount of rainfall. The rate of decomposition of organic matter is 
influenced by both temperature and precipitation of a particular region (Bond-
Lamberty and Thomas, 2010). And it leads to the disappearance of organic 
molecules which were playing important role in the aggregation process.  
The effect of organic matter on aggregation and its stability is greatly 
varied with the different types of organic sources. The positive effect on 
aggregation depends upon the dominating components present in a particular 
organic material source (Abiven et al., 2009).  
Martens (2000) determined the relationships of biochemical characteristics 
of organic residues with decomposition rates, soil humus composition and soil 
aggregation in a laboratory experiment. A Webster soil was applied with several 
plant residues (oat, canola, alfalfa, soybean, clover, corn and prairie grasses) which 
resulted in a rapid but transient increase in mean weight diameters (MWD) of 
aggregates after nine days of incubation with residues like alfalfa, canola and 
clover, and was negatively correlated with soil carbohydrate content (r = − 0.63).  
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The other residues like corn, prairie grasses, oat and soybean showed 
improvement in aggregate size upto 84 days of incubation and was positively 
correlated with soil phenolic acid (r = 0.65) and soil carbohydrate content (r = 
0.70). Soil organic carbon after 84 days of incubation was correlated with MWD (r 
= 0.82) which suggested that carbon persisting in the soil may be related to the 
phenolic acid content of the residues. The results suggested that initial transient 
improvement in aggregate stability was governed by microbial decomposition of 
the polysaccharides (carbohydrates) and amino acid content of the residues, and 
then it is strengthened by the interaction with phenolic acids such as vanillin or 
vanillic acid released by microbial decomposition from residues structural 
components. 
Albiach et al. (2001) evaluated the effects of different organic amendments 
(sewage sludge, MSW compost, and ovine manure, vermicompost, and humic acid 
solution) on the soil organic matter, humic acids, total humified substances, 
carbohydrates, and the soil aggregate stability. After four and five years of 
application, evident improvements in most of the parameters were observed, 
whereas the vermicompost and humic acid solution shown no significant change. 
The application of MSW compost resulted in the highest increases. SOM content 
and carbohydrates found as the indicators most closely interlinked to the stability 
of soil aggregates. 
Spaccini et al. (2002) studied the effect of crop residues additions and 
manures in field trials, at five different locations in Ethiopia. The parameters 
studied were aggregate stability, carbohydrate content and the carbon distribution 
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within stable aggregates. The effects of organic inputs significantly varied between 
locations. The highest carbohydrates contents were observed in the control at 
Holeta. The soil aggregate stability at Jimma (5 t ha-1 cow dung + 9 t ha-1 coffee 
husk), Ginchi (90 kg ha-1 mustard meal), Sirinka (soil alley-cropped 
with Leuceanae) and Awassa (forested soil) were highly correlated with the 
organic matter content. The smaller macro-aggregates (< 1 mm) had higher 
carbohydrates than the larger macro-aggregates (> 1 mm). Humified organic matter 
components have performed a preserving function which was also shown by the 
carbon distribution as well as the C to N ratios. The improvement in the soil 
organic matter content have not affected the carbohydrate content and the 
aggregate stability to the level of the forested locations, which suggests that the 
addition of crop residues and manures were not sufficient to remediate the soil 
physical quality. 
Abiven et al. (2007) evaluated the role of different organic compounds 
during the decomposition of organic wastes like wheat straw, cauliflower residues, 
cattle manure and poultry compost. Soil aggregate stability was quantified by three 
methods involving mechanical breakdown, slow and fast wetting. Soil aggregate 
stability towards slow wetting showed similar variations as carbon mineralization 
and also a strong correlation was observed with polysaccharide content for some 
binding agents like wheat straw and cauliflower residues.  
The transient improvement in aggregate stability showed no direct 
relationship to carbon mineralization and might be affected by fungal hyphae. The 
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varying behavior of organic binding agents cannot completely be explained by the 
initial characteristics of the organic materials. 
2.2  SEQUESTRATION OF CARBON WITHIN AGGREGATES IS THE 
BASIS OF SOIL AGGREGATE STABILITY 
Microbial activities have not only been linked to macro aggregate 
formation but also micro aggregate formation (Shipitalo and Protz,1989; Barois et 
al., 1993) and more distinctively the formation of micro aggregates-within-macro 
aggregates with associated carbon sequestration within different aggregate 
fractions (Bossuyt et al., 2002; Simpson et al., 2004; Pulleman et al., 2005; Fonte 
et al., 2010). Organic materials and minerals are closely mixed and become 
encrusted with polysaccharides to form new micro aggregates (Shipitalo and Protz, 
1989; Barois et al., 1993).  
Furthermore, fine particulate organic matter (POM) occludes in the micro 
aggregates within macro aggregates (Pulleman et al., 2005). The application of 
composted or un composted organic manures can cast positive impact on soil 
aggregation and aggregate associated carbon (Rasool et al., 2008; Six et al., 1999).  
Aoyama et al. (1999) reported that manure application affected SOC 
positively rather than plant biomass production. Bhattacharyya et al. (2009) found 
that the variation of carbon contents within aggregates by fresh manure application 
was increased with the aggregate size. The application of inorganic fertilizers also 
promoted macro aggregation and enhanced SOC concentration (Lugato et al., 
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2010; Rasool et al., 2008), mainly by the improvement of SOC in micro aggregates 
(Lugato et al., 2010).  
While, Sarkar et al. (2003) and Fonte et al. (2009) reported the reduced 
aggregation due to addition of inorganic fertilizers like urea and DAP. Whether, 
some studies (Aoyama et al., 1999; Bandyopadhyay et al., 2010; Huang et al., 
2010; Ayuke et al., 2011) clearly indicated that there is no significant influence of 
balanced inorganic fertilization on SOC concentration or macro aggregation in 
soils. Riyals et al. (2014) measured variation in the carbon contents and SOM 
composition after the application of composted product in two annual grasslands 
from different bioclimatic zones (coastal and inland valley). Soil organic carbon 
contents were significantly improved at the valley grassland, and a similar but non-
significant trend at the coastal grassland was observed. After three years of organic 
matter application physical fractionation of soil revealed the increased levels of 
carbon in both free and occluded light fractions of valley and coastal grasslands. 
So a single application of compost to grassland soils can increase soil carbon 
storage in labile and physically protected pools over relatively short time periods. 
Bandyopadhyay et al. (2010) investigated the effects of organic inputs i.e. 
farmyard manure, paddy straw, and green manure on soil aggregation, and 
aggregate associated carbon, especially the stability of soil organic carbon (SOC) 
at 0–15, 15–30 and 30–45 cm depths on a silty clay textured soil, Inceptisol, hot 
humid subtropics of eastern India, with a long term 21 year old rice–wheat 
cropping pattern. Structural properties were improved in the soil amended with 
organic inputs than the inorganically fertilized soil or the control, and also the 
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results were more significant in the surface soil than in depth. The carbon contents 
associated with aggregates reduced in deeper depths. The aggregated carbon 
distribution was as ‘silt+clay’ carbon (<0.05 mm) was higher than coarse macro-
aggregated (>2.0 mm) carbon was equal to meso-aggregated carbon (0.25–2.0 
mm) was more than coarse micro-aggregated carbon (0.05–0.25 mm). Within an 
aggregate size class, carbon contents under the application of organic inputs were 
in the order of farmyard manure ≥ paddy straw ≥ green manure. A significant 
positive correlation existed between the carbon contents of ‘silt + clay’ fraction 
and the silt + clay content of soil. Among the organic amendments, farmyard 
manure has shown more pronounced effect on stability relative to green manure 
and paddy straw, and carbon from green manure was highly stabilized in ‘silt+ 
clay’ fraction than farmyard manure and paddy straw.  
Stabilization of carbon within soil aggregates has been understood as a 
significant means for carbon sequestration in agricultural soils. Simonetti et al. 
(2012) investigated the effects of long-term application of farmyard manure and 
mineral fertilization on the humic carbon extracted from macroaggregates  (2 – 
0.25 mm), microaggregates (0.05 – 0.25 mm) and silt+clay (<0.05 mm) fractions 
of two different soils (clay and peat). It was observed that farmyard manure had 
improved the humic carbon concentration compared with the unfertilized and 
mineral fertilization. Results have also shown that in peat soil, where the humic 
carbon was at an early stage of the humification process, in addition, the humic 
carbon structure also changed in both soils as a result of the treatments. However, 
farmyard manure shown a considerably positive effect on the aromatic carbon 
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content in both soils. This effect was magnified in the micro-aggregates of clay 
soil.  
Swanston, et al. (2005) tried to search the rates of carbon distribution in 
temperate forest soils. Soil organic matter (SOM) was separated out by simple 
density fractionation scheme and termed as free light fraction (free LF), and the 
particulate organic matter (POM) occluded within aggregates (occluded LF), and 
the SOM that is bound with minerals gives a dense fraction (dense fraction, DF). 
The occluded LF had higher concentrations of carbon as compared to the free LF, 
and the carbon concentration in both light fractions was ten folds higher than that 
of the DF. Results have also shown that the light fractions together are < 4% of the 
soil on weight basis, but it carries 40% of the soil total organic carbon (TOC) in the 
upper 0-15 cm soil depth. Similarly, these light fractions were < 1% weight of the 
15-30 cm deep soil, but had more than 35% of the soil TOC content. The results of 
rapid incorporation of radioactive isotope 14C into the exhausted DF revealed that 
this organo-mineral fraction holds highly stable organic material. 
The sequestration of carbon within soil system is important for 
improvement in soil structural properties for sustainable agriculture (Banger et al., 
2009). Fractionation of soil aggregates and the aggregate associated carbon 
contents have been used as an indicator to understand the variation and distribution 
mechanism of carbon in the soil system (Six et al., 2002; von Lutzow et al., 2007), 
and the effect of different management practices on SOC in soil. Several works 
have been conducted to develop better ways for enhancing SOC (Banger et al., 
2009).  
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Kong et al. (2005) evaluated the effect of carbon inputs in SOC 
sequestration in a long term experiment (10 years), and also tried to identify the 
mechanism of carbon stability in soil. In this experiment, 10 Mediterranean 
cropping systems were studied with the objective of SOC sequestration. Soil 
samples were fractionated into different sized aggregate classes (>2, 0.25 – 2, 0.05 
– 0.25 and <0.05 mm) and then into SOM fractions within the macro-aggregates (> 
2 mm and 0.25 – 2 mm).  
The regression coefficient values showed that the aggregate stability had 
significant and linear relationship with both the carbon inputs (r2 = 0.75) and soil 
organic carbon concentration (r2 = 0.63). The results of 10 Mediterranean cropping 
systems shown that even in 10 years time soil have not reached to the carbon 
saturation point. Most of the SOC accumulation was the result of additional 
organic inputs which has been preferably sequestered into the micro within macro-
aggregates.  
Presence of stable particulate organic matter (POM) can lead to an 
enhanced SOC buildup by increasing formation of macro aggregates. Organic 
residues or manures accumulate within macro aggregates in the form of POM 
(Denef et al., 2001; Kong et al., 2005). These accumulation processes favor the 
macro aggregation which in turn results in the physical protection of SOC within 
macro aggregates (Puget et al., 2000; Mikha and Rice, 2004).  
Six et al. (2000) found that the enhanced macro aggregation may increase 
the abundance of micro aggregates within macro aggregates because of POM 
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decomposition. As a result, stabilization of POM within micro aggregates occurs 
over a somewhat long term period (Huang et al., 2010; Zotarelli et al., 2007).  
However, improved carbon levels within macro aggregates mainly 
accumulates in the aggregated silt + clay fraction, most probably because of a fast 
decomposition rate of POM. Liao et al. (2006) found growing woody plants on 
sandy loam soil improved macro aggregation. However, this study showed carbon 
accumulation in macro aggregates and in raw soil chiefly depends on the organic 
carbon concentration in the aggregated silt + clay fraction as compared to the 
presence of stable or unstable POM within macro aggregates. 
2.3  INFLUENCE OF ORGANIC AMMENDMENTS ON SOIL 
PHYSICAL PROPERTIES AND CROP PRODUCTIVITY IN 
PAKISTAN 
Many researchers in Pakistan have tried to improve the physical properties 
and crop productivity through the locally available organic amendments. Ibrahim 
et al. (2008) conducted an experiment to observe the effectiveness of fresh and 
composted organic manures to bring an improvement in the growth and yield of 
wheat crop. The treatments applied were control, fresh organic manure (10, 20, 30 
and 40 Mg ha-1) and compost (300, 400 and 400 kg ha-1). The application of 
organic amendments improved the wheat yield by 105 % to 128 % as compared to 
the control. So, it has been concluded that amending the soils with organic inputs 
can be a sustainable way to improve the crop productivity.  
The application of some local manures was also proved to improve some 
soil physical properties. Iqbal et al. (2005) investigated the residual effect of 
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farmyard manure on field saturated hydraulic conductivity, soil bulk density and 
production of wheat crop. The three rates of farmyard manure (0, 10 and 20 Mg ha-
1) were applied in a medium textured soil of Faisalabad (Pakistan). The application 
of farmyard manure at the rate of 20 Mg ha-1significantly increased the field 
saturated hydraulic conductivity, biomass and grain yields of wheat and reduced 
bulk density of soil.  
Under field conditions the application of organic materials like dairy 
manure improved the hydraulic properties of soils. Iqbal et al. (2012) conducted a 
field trial (two years) in a sandy clay loam textured soil at Faisalabad (Pakistan) to 
evaluate the effect of dairy manure (0, 25 and 50 Mg ha-1) on soil physical 
properties (infiltration rate, hydraulic conductivity and soil strength) and soil 
organic carbon using maize as a test crop. The application of dairy manure (50 Mg 
ha-1) increased infiltration rate and soil hydraulic conductivity which resulted into 
improved crop growth and yield. And this amendment also decreased the soil 
strength which is due to rehabilitation of soil structure. Dairy manure application 
significantly enhanced soil organic carbon contents at different depths (0-5 cm and 
5-10 cm).  
Muqaddas et al. (2005) investigated the effects of three farmyard manure 
dosages (0, 20 and 40 Mg ha-1) on some soil physical properties and wheat crop 
yield. The application of farmyard manure @ 40 Mg ha-1 caused significant 
improvement regarding saturated hydraulic conductivity, bulk density and also 
plant growth and crop yield. 
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MATERIALS AND METHODS 
This study comprised of two experiments, 1) Dynamics of different non – 
humic (total polysaccharides, microbial biomass carbon) and humic substances 
(humic acid and fulvic acid) within traditional organic materials, 2) Effect of 
different organic amendments on soil structural properties and wheat production on 
two different textured soils. In the first experiment different organic materials were 
incubated for 180 days under controlled conditions and temporal variation among 
the materials regarding humic and non – humic substances was quantified. In the 
second experiment, the organic manures were applied in field conditions at two 
different textured soils for two years to evaluate their impact on soil physical 
properties and wheat yield. The detail of the experiments and analytical procedures 
is followed as under: 
3.1  DYNAMICS OF NON – HUMIC AND HUMIC SUBSTANCES  
This laboratory experiment was carried out with the objective to determine 
humic and non-humic substances content and conversion rate in the local organic 
matter sources. Three organic materials collected from different sources were S1 
(Municipal Solid Waste (MSW) Compost), S2 (Farm yard manure (FYM)) and S3 
(Poultry litter (PL)). 
One kg of each of these organic materials were incubated at 30 ± 5°C for a 
period of 180 days, sampled at every 30 days interval, and analyzed for total 
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organic carbon, total polysaccharides, microbial biomass carbon and organic 
matter fractionation (humic and fulvic acids). Variance in the parameters was 
statistically analyzed by taking manure sources and time (days) as factors. And the 
interaction between the factors was analyzed by multiple analysis of variance 
(MANOVA). 
3.2  ORGANIC AMENDMENTS EFFECT ON SOIL STRUCTURAL 
PROPERTIES AND WHEAT PRODUCTION IN TWO DIFFERENT 
TEXTURED SOILS.  
This field study was carried out with the objectives to 1) Develop relation 
between the organic source and stable aggregate size, and 2) Water flow, organic 
carbon and wheat yield differences due to organic amendments applied on 
equivalent dose basis. The four levels viz. 0, 0.25, 0.50 and 1.0 % SOC were 
calculated on the basis of organic carbon content of each organic material. These 
calculated levels of each organic source were evaluated in field conditions, and the 
field trial on wheat crop was executed at two locations viz., University Research 
Farm, at Campus, Rawalpindi (AAUR Site) and University Research Farm at 
Koont Chakwal Road (Koont Site). The four levels (Control, 0.25, 0.50 and 1.0 % 
SOC) of each organic amendment (MSW Compost, Farm Yard Manure, Poultry 
Litter) were applied on wheat crop (Chakwal 50) for two years (2012 and 2013). 
The treatments were replicated three times in two factor factorial RCBD 
(Randomized Complete Block Design) design, taking manures and their levels as 
factors.  
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3.2.1  Description of Experimental Sites 
The study was carried out under field conditions in dry land fallow-wheat 
rotation for two years (2012-13). The four levels (0, 0.25, 0.50 and 1 % SOC) of 
three organic amendments i.e. Municipal solid waste compost (0, 62, 124 and 248 t 
ha-1), Farmyard manure (0, 50, 100 and 200 t ha-1) and Poultry litter (0, 30, 60 and 
120 t ha-1) were incorporated up to plow layer in a randomized complete block 
design with four replications. The plot size was 25 m2. The three levels of each 
organic material were added to soil during fallow period of first experimental year 
on the basis of their organic carbon content. The experimental soils (Table 1) were 
silty clay loam (AAUR site) and sandy clay loam (Koont site). Wheat crop (Cv 
Chakwal 50) was sown as a test crop each year during November using seed rate of 
150 kg ha-1 was applied. The fertilization of wheat was carried out with urea and 
diamonium phosphate (DAP) as sources of N and P respectively. The rainfall and 
climate data (Table 2) showed that AAUR site received more rainfall as compared 
to the Koont site, other climatic variables were almost similar. 
3.2.2  Characteristics of Manures 
The poultry litter had higher contents of almost all types of humic and non-
humic substances as compared to other manures (Table 3). On the basis of the 
initial status of the manures, it is evident that poultry litter and MSW compost had 
higher contents of stable forms of carbon like humic and fulvic acids. And such 
humic substances can act as persistent binding agents for the stability of aggregates 
and improvement of other physical properties.  
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3.3  ANALYSES OF MANURES 
The incubated organic materials were sampled after every 30 days interval 
i.e. 0, 30, 60, 90, 120, 150 and 180 days of incubation. The organic materials were 
characterized on the basis of following parameters: 
3.3.1  Total Organic Carbon  
One g sample was taken in a 500 mL Erlenmeyer flask and it was oxidized 
by adding 10 mL of 1N potasium dichromate (K2Cr2O7) solution under acidic 
conditions maintained by adding 20 mL of conc. H2SO4 and then suspension was 
mixed by swirling the flask. The suspension was cooled by standing for 30 
minutes, then 200 mL distilled water and 10 mL of phosphoric acid were added. 
Ten drops of diphenylamine as an indicator was added and the solution was titrated 
against 0.5 N ferrous ammonium sulphate, until the color changed from blue to 
sharp green (Nelson and Sommers, 1982). 
3.3.2 Humic Substances 
3.3.2.1 Organic matter fractionation (Humic and Fulvic acid) 
Samples were pretreated with 0.1 M HCl for 48 hours, and then subjected 
to the two extractants (Na2H2P2O7/K4P2O7 and NaOH) and then suspensions were 
allowed to stand for 48 hours and centrifuged for 30 minutes. The pH was adjusted 
at 1 with the help of 6 M HCl and 6 M NaOH, and then allowed to stand for 24 
hours. Volume was made up to 600 mL and pH was adjusted to 7 then centrifuged 
at 2 to 5 °C for 30 minutes. This process was repeated for 4 times and every time 
centrifugation time was increased by 30 minutes. From here the supernatants were
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Table 1:  Characteristics of the experimental soils 
Characteristics AAUR Site Koont Site 
Texture Silty Clay loam Sandy clay loam  
Sand (%)  19  56.0  
Silt (%)  55  22.8  
Clay (%)  26  21.2  
EC  (dS m-1) 0.31 0.53 
Soil pH 7.7  7.87 
Bulk Density (Mg m-3) 1.40 1.45  
Total Organic Carbon (g 100g-1) 0.60 0.59 
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Table 2:  Meteorological comparison of experimental sites  
Characteristics AAUR Site Koont Site 
2011-12 2012-13 2011-12 2012-13 
Total Rainfall (mm) 949 1118 465 604 
Mean Yearly Temperature (°C) 21.3 21.4 19.4 21.11 
Mean Evaporation (mm day-1) 110 122 102 115 
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Table 3:  Concentration of different humic and non-humic substances in 
the manures on dry weight basis 
Manures 
Farmyard 
Manure 
Municipal solid 
waste compost 
Poultry 
Litter 
Humic acid (g kg-1) 8.67 14.08 14.97 
Fulvic acid (g kg-1) 9.96 4.9 25.22 
Total polysaccharides (mg kg-1) 1.58 2.06 3.28 
Total organic carbon (g kg-1) 10.07 8.06 15.86 
Microbial biomass carbon (g kg-1) 1.71 3.07 37.2 
FA:HA 1.15 0.35 1.69 
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 separated for humic and fulvic acid separation. The pH was adjusted at 1 and 
allowed to stand for 24 hours then centrifuged and then colorimetrically 
determined (Swift, 1996). 
3.3.3 Non – Humic Substances 
3.3.3.1 Total polysaccharides 
Water soluble polysaccharides were extracted from 1 g dried and ground 
manure samples by distilled water as an extractant. The samples were taken in a 
beaker of 50 mL capacity and 20 mL distilled water was added and kept in an oven 
at 80 C for 24 hours. The supernatant solution was collected after centrifugation at 
ambient temperature for 25 minutes and then total polysaccharides were 
determined colotimetrically (Dubois et al., 1956). 
3.3.3.2 Microbial biomass carbon  
Fumigation-extraction technique was used for the measurement of 
microbial biomass carbon (MBC) contents in manure samples (Vance et al., 1987). 
Two portions (10 g each) of moist sample (on dry weight basis), were kept in air 
tight glass bottles simultaneously. One portion of each sample was placed in 
vacuum desiccator and transferred to a fume hood. During the fumigation, damp 
tissues were placed at the bottom of the desiccator for moisture recovery which 
reduced in the samples. Some boiling chips added to thirty milliliter ethanol-free 
chloroform (CHCl3) in a glass beaker and placed in the desiccator. The dessicator 
was air tightened by applying silicone grease at the edges as well as at the inner 
part of the knobs of the desiccator, then the lid was closed and attached to the 
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vacuum pump. The vacuum pump was turned till the chloroform in the beaker 
started boiling. Then the knob of desiccators was closed, turned off the vacuum 
pump and placed the samples at 25 °C in an incubator for 24 hours. After 
fumigation, chloroform was removed from the samples by repeated evacuations 
with the help of vacuum pump. The dissolved organic carbon from samples was 
extracted by adding 40 ml of 0.5 M potassium sulphate (K2SO4) solution as an 
extractant, and back-to-back shaken for 30 minutes at 200 rpm and then filtered 
through Whatman no. 42 paper filter. The extraction of the un-fumigated 10 g 
portion of the manures was carried out by the same procedure.  
The MBC was computed by using following formula:  
Microbial	Biomass	Carbon = EckEC 
Where, 
Ec = the difference of dissolved organic carbon between fumigated and un-
fumigated samples 
kEC = 0.45, the fraction of the killed biomass mineralized to CO2 over the 
incubation period (Jenkinson, 1988). 
3.4  SOIL ANALYSES 
3.4.1  Mechanical Analysis 
To 40 g of soil sample, 40 ml of 1% sodium hexa meta-phosphate as a 
dispersing solution and 150 ml of distilled water was added in a Buoycous cup and 
then suspension kept overnight. After stirring for ten minutes in mechanical shaker, 
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the contents were transferred to 1000 mL cylinder and volume was made up with 
distilled water, readings were recorded with Boyoucos Hydrometer. Soil textural 
class was determined by using ISSS triangle (Gee and Bauder, 1986).        
3.4.2  Total Organic Carbon  
One g sample was taken in a 500 mL Erlenmeyer flask and it was oxidized 
by adding 10 mL of 1N potasium dichromate solution under acidic conditions 
maintained by adding 20 mL of conc. H2SO4 and then suspension was mixed by 
swirling the flask. The suspension was cooled by standing for 30 minutes, 200 mL 
distilled water and 10 mL of phosphoric acid (H3PO3) were added. Ten drops of 
diphenylamine as an indicator was added and the solution was titrated against 0.5 
N ferrous ammonium sulphate, until the color changed from blue to sharp green 
(Nelson and Sommers, 1982). 
3.4.3  Aggregate Size Distribution 
Aggregate formation was determined by sieving 750 gram of air dried soil 
through sieves of 8, 4, 2, 1,  0.5, 0.25 and 0.05 mm with a 75 stroke frequency for 
5 min (Chepil, 1962) using sieve shaker (Octagon D200, Endecotts Limited, 
London).  
3.4.4  Aggregate Stability 
Aggregate stability of several aggregate size fractions separated through 
dry sieving was determined by wet sieving. Each aggregate fraction weighing 4 g 
was sieved through sieves having equal mesh diameter as of their aggregate size. 
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They were sieved in the yoder type wet sieving machine for 3 minutes with 12.7 
mm stroke length and 40 cycle min-1 against distilled water in the cans, then the 
remaining aggregates on the sieve were separated. And placed on 0.25 mm sieve 
and continued sieving until the whole sample is dispersed. The cans having soil is 
oven dried at 60 C, then weighed and aggregate stability of the particular fractions 
were calculated using the formula (Kemper and Koch, 1966): Aggregate	stability	%
= weight	of	aggregates > 0.25	mm − weight	of	sand > 0.25	mmweight	of	sample − weight	of	sand > 0.25	mm × 100 
3.4.5  Mean Weight Diameter (MWD) 
Mean weight diameter (MWD) of the dry aggregates and wet aggregates 
(aggregated silt + clay) was calculated separately by using the following equation:  
Mean	weight	diameter	mm= ∑ diWiTotal	Mass 
where: 
n is the number of size fractions 
di is the mean diameter of each size range 
wi is the weight of aggregates in that size range        
3.4.6  Aggregate Associated Carbon 
Aggregates were isolated after wet sieving and oven dried at 60 ˚C and then 
stored. The carbon content of every isolated aggregate fraction was determined by 
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taking 1 g sampled aggregates of each aggregate fraction and followed the 
K2Cr2O7 consumption method (Walkley and Black, 1947). 
3.4.7  Gravimetric Soil Moisture Content 
Soil moisture content was determined gravimetrically. Soil samples were 
weighed, oven dried, cooled and then reweighed. The gravimetric water content 
was determined by following formula (Gardner et al., 1991): 
Soil	moisture	content = Mass	of	wet	soil − Mass	of	dry	soilMass	of	dry	soil  
3.4.8  Saturated Hydraulic Conductivity 
Saturated hydraulic conductivity was measured by constant head method 
(Youngs, 1991) using Guelph permeameter. 
3.4.9  Bulk Density 
Bulk density of soil was measured by taking core samples. They were 
weighed and then oven dried at 105 °C for two days and then again weighed 
(Black and Hartge, 1982). 
Bulk	density	 = Weight	of	soil	plus	core − weight	of	coreVolume	of	core  
3.5  CROP PARAMETERS 
3.5.1  Biomass yield 
The crop was harvested from 1m2 quadrate randomly selected in each plot. 
The plants were oven dried, weighed and total biomass was determined and then 
converted to t ha-1. 
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3.5.2  Grain yield 
The crop was threshed from 1m2 quadrate randomly selected from each 
plot. The grains were weighed to determine the grain yield and then converted to t 
ha-1. 
3.6  STATISTICAL ANALYSIS 
The data collected for various characteristics was subjected to analysis of 
variance and the means obtained were compared by LSD at 5 % level of 
significance (Steel et al., 1997). 
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Chapter 4 
RESULTS AND DISCUSSION 
This study comprised of two experiments. Their results and discussion are 
as under:  
4.1  CHARACTERIZATION OF ORGANIC MATTER SOURCES ON 
THE BASIS OF HUMIC AND NON-HUMIC SUBSTANCES 
This experiment was carried out with the objective to observe the dynamics 
of total organic carbon, humic (humic acid and fulvic acid) and non-humic 
substances (microbial biomass carbon and total polysaccharides) content and their 
conversion rate in the local organic matter sources under controlled conditions. 
The three different organic materials from different sources were collected. 
These different sources were subjected to controlled conditions (incubation) for 
180 days to observe the variation in different humic and non humic substances. 
These organic sources are followed as under:  
S1:   MSW Compost 
S2:   Farm yard manure 
S3:   Poultry litter 
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Table 4:  Variation of humic and non humic substances in different 
manures and incubation periods. 
 TOC TPC Mic C Humic – C Fulvic – C 
 g 100g
-1 mg Kg-1 ---------------g Kg-1-------------- 
Manures                          
Farmyard manure  5.30 b  4.45 b 1.51 b 4.32 c  11.02 b  
MSW Compost  3.43 c 5.23 b 1.53 b 15.2 a  6.83 c  
Poultry litter  16.59 a 6.93 a 27.71 a 13.07 b  29.3 a  
Days  
0  11.33 a  2.31 c  13.9 a 12.58 b  13.36 ab  
30  12.02 a  2.53 c  12.2 b 16.64 a  18.49 a  
60  9.32 b  3.18 bc  13.0 ab  14.50 ab  15.15 ab  
90  6.62 cd  3.83 bc  13.7 ab  12.36 b  11.82 b  
120  5.65 d  4.96 b  13.5 ab  6.97 c  15.42 ab  
150  7.22 c  10.16 a  1.8 c 7.29 c  18.31 a  
180  6.91 c  11.83 a  3.4 c 5.73 c  17.42 a  
Means sharing common letter (s) do not differ significantly at 5 % level of 
significance  
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4.1.1 Dynamics of Total Organic Carbon (TOC) in Different Manures 
during 180 Days of Incubation Period 
The results of total organic carbon (TOC) showed that poultry litter (16.59 
%) had the highest contents of TOC as compared to other manures (Table 1). 
Interaction between manures and days showed that behavior of different manures 
during incubation was not similar according to Wilks Lambda coefficient. Total 
organic carbon (TOC) was significantly higher in poultry litter than the other 
organic matter sources throughout the six months incubation period (Figure 2). The 
farmyard manure had higher TOC content than MSW compost for initial 60 days 
which later had similar TOC contents. TOC content in poultry litter did not 
decrease during the course of incubation except on day 120 (13.79 %). In contrast, 
the TOC contents of farmyard manure and MSW compost decreased gradually 
with incubation period and reached to minimum values (1.43 % and 1.97 %, 
respectively) after 90 days of incubation. 
Organic matter is basically composed of the fresh plant or animal material 
which is food for microbes and is composed of easily digested sugars and proteins. 
Results show that equivalent quantity of poultry litter has higher TOC content than 
farmyard manure and MSW compost. Due to the presence of sawdust in poultry 
litter, which is resistant to decomposition, its TOC is preserved efficiently, which 
resulted into higher TOC contents (Dias et al., 2010) till the end of the incubation 
period. With the decomposition of organic matter, the content of total carbon 
decreases from 46–48% of the raw materials to 30–34% at the end (Hu et al., 
2011).  
39 
 
 
 
 
Figure 2:  Dynamics of total organic carbon in different organic matter sources 
during 180 days of incubation indicating higher TOC contents throughout the 
incubation period 
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The reduction in carbon contents of farmyard manure and MSW compost 
also depends on the continuous mineralization of soluble organic compounds 
during depends on the continuous decomposition, into less soluble complex 
organic substrates (Said-Pullicino and Gigliotti, 2007). 
4.1.2  Dynamics of Total Polysaccharides Content (TPC) in Different 
Manures during 180 Days of Incubation Period  
Statistical analysis of main effects (Table 1) shown that poultry litter had 
the significantly highest TPC contents (6.93 mg Kg-1) as compared to farmyard 
manure and MSW compost. In all the sources of organic matter, TPC contents 
increase significantly from day 120 till the end of 180 days incubation (Figure 3). 
Differences among organic matter sources for TPC contents were generally non-
significant throughout the incubation period, except at day 120 where poultry litter 
had higher TPC content (7.82 mg Kg-1) than farmyard manure and MSW compost 
(2.04 and 1.12 mg Kg-1, respectively). Multiple analysis of variance showed that 
interaction of organic matter sources and incubation period was non significant, 
which clearly reflects that all the manures behaved similarly throughout the 
incubation period.  
The higher TPC in poultry litter can be associated with the TOC contents of 
poultry litter, as if the TOC is high then TPC will be higher (Safarik and 
Santruckova, 1992; Xiao et al., 2006). Carbohydrates are the common constituents 
and metabolic products of plants and organisms. The carbohydrate contents 
constitute about 5% to 25 % of the organic matter content (Swineer et al., 1969). 
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Figure 3:  Dynamics of total polysaccharides in different organic matter sources 
during 180 days of incubation showing that the manures behave similarly throughout 
the incubation period.  
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Polysaccharide contents strongly correlate with carbon mineralization for the 
manures but not in the composts (Abiven et al., 2007). The increase of TPC is 
probably due to decomposition of organic carbon which was taking place as the 
time of maturity was increasing.  
Another factor of continuous increase in TPC was the temperature of 
incubation (30 ºC), because at this temperature, polysaccharides production by the 
microbes is maximum (Bueno and Garcia-cruz, 2006) and this increase in 
polysaccharides corresponds to the rapid decomposition of organic matter and 
production of polysaccharides (Abiven et al., 2007). Manures serve as source of 
energy and nutrients for soil microbes and plant roots that produce extracellular 
polysaccharides (Sleutel et al., 2006). 
4.1.3  Dynamics of Microbial Biomass Carbon (MBC) in Different Manures 
during 180 Days of Incubation Period  
The microbial biomass carbon (MBC) in poultry litter was higher than 
farmyard manure and MSW compost throughout the incubation period except at 
day 120 (Fig. 4). The MBC contents of farmyard manure and MSW compost were 
statistically similar to each other throughout the duration of incubation. The MBC 
in farmyard manure and MSW compost remained equivalent to their initial levels, 
while in poultry litter it decreased significantly after day 120. Poultry litter had 
significantly highest concentration of microbial biomass carbon as compared to 
other manures throughout all the days except at 150 days. The trend of manures 
during incubation period was statistically different. The trend of all the  
43 
 
 
 
 
Figure 4:  Dynamics of Microbial biomass carbon  in different organic matter 
sources during 180 days of incubation illustrating the higher MBC contents in 
poultry litter all over the incubation period.  
44 
 
 
 
 
Figure 5:  Relationship between microbial biomass carbon and total 
organic carbon of different manures showing significant correlation between 
the Mic-C and TOC in the manures during the course of decomposition. 
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manures during the period, MBC content was increasing at a somehow constant 
rate during 30 to 120 days except MSW  compost  but after it there was a sudden 
decrease in microbial activity by poultry litter, but overall it showed that MBC 
content decreased with time as compared to the start of the incubation period. The 
decline in MBC was due to the deterioration in other chemical properties such as 
TOC, which also govern the microbial activities in the soil. The decreasing trend of 
MBC throughout the incubation period was also in reported with different biomass 
quantiﬁcation methods (Brandon et al., 2008). 
Separate correlations of the manures were also plotted which further 
indicated that poultry litter had strong negative correlation between MBC and 
TOC, while MSW compost had strong positive correlation between MBC and 
TOC (Figure 5). There is a strong relationship exists between soil organic carbon 
(SOC) and microbial biomass carbon concentration (Zhang et al., 2013). The 
varying results of correlation between MBC and TOC in different manures were 
due to the varying nature of manures, as MSW compost is a decomposed product 
while poultry litter is a fresh material which is yet to be decomposed. The higher 
microbial biomass values of poultry litter suggests that the fresh organic materials 
have higher amounts of active carbon like MBC, which helps in higher 
decomposition rates, and as the decomposition process matures the MBC 
decreases. Therefore, the mature or composted materials like MSW compost or 
farmyard manure would have lower microbial biomass carbon content due to most 
of their decomposition has already been completed.  
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4.1.4. Dynamics of Organic Matter Fractions (Humic And Fulvic Acids) in 
Different Manures during 180 Days of Incubation Period  
The dynamics of fulvic acid (FA) in three different organic matter sources 
during incubation period were statistically significant (Figure 6).  The poultry litter 
had higher fulvic acid (FA) content than farmyard manure and MSW compost 
throughout the incubation period. The farmyard manure and MSW compost had 
equivalent fulvic acid contents throughout the incubation period. Regardless of the 
incubation period, the FA contents in all the three organic matter sources remained 
statistically equivalent to their initial FA contents.  
Humic Acid (HA) contents at the start of the incubation were similar in 
MSW compost and poultry litter but higher than farmyard manure (Figure 7). In 
farmyard manure and MSW compost the humic acid contents remained equivalent 
to their initial levels throughout the incubation period. The MSW compost had 
higher HA content than farmyard manure throughout the incubation period. In 
poultry litter the HA content observed an increase at day 30 when it was highest 
than all organic matter sources, followed by a gradual decrease and it became 
equivalent to farmyard manure at day 120 of incubation period.  
Results of humic and fulvic acid showed that MSW compost and poultry litter had 
overall higher contents, respectively as compared to farmyard manure. In poultry 
litter at 30 days time, the humic acid content was significantly higher as compared 
to other days, meanwhile at 30, 120 and 180 days the fulvic acid content was 
highest as compared to other days. In case of fulvic acid, all the manures were 
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increasing at almost 
 
Figure 6:  Dynamics of fulvic acid in different organic matter sources 
during 180 days of incubation indicating the higher fulvic acid contents in 
poultry litter during incubation period. 
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Figure 7:  Dynamics of humic acid in different organic matter sources 
during 180 days of incubation illustrating the higher and stable concentration 
of humic acid in MSW compost throughout the incubation period.  
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Figure 8:  Relationship between Fulvic – C and total polysaccharides of 
the manures showing linear relationship between Fulvic – C and 
polysaccharides in all the manures.  
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Figure 9:  Relationship between Humic – C and total organic carbon of 
the manures indicating that the Humic – C linearly correlates with the 
polysaccharides of the manures. 
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increasing at almost constant rate but during 90 to 120 days poultry litter has lower 
content of fulvic acid. And it continued its decreasing trend from 90 to 120 days 
but then it started improving in the last month. In case of MSW compost the humic 
acid was significantly higher from 90 to 180 days. Overall humic acid has 
significant negative correlation (Figure 9) with TOC content of the manures (r = -
0.29), and fulvic acid has a very strong positive correlation (Figure 8) with TPC of 
manures (r = 0.73). During the 30 to 60 days of incubation there is a decreasing 
trend of humic acid in all the manures but then it started to increase slightly as the 
organic carbon is being decomposed into complex substances like humic and fulvic 
acids. Humic substances are the most stable compounds resulting from bio-
chemical decomposition of organic matter (Stevenson and Cole, 1999). The lesser 
value of MSW compost was due to its compost character, it has higher humic acid 
contents throughout the period which shows that it is not easily decomposable as 
compared to other manures. Poultry litter has shown that as the decomposition 
process preceded the fulvic acid and polysaccharides increased.  
4.2  EQUIVALENT ORGANIC CARBON LEVELS THROUGH 
DIFFERENT AMENDMENTS’ EFFECT ON SELECTED 
PHYSICAL PROPERTIES OF SOIL AND WHEAT YIELD. 
4.2.1  Dry Aggregate Size Distribution Variation by the Application of the 
Manures and Their Different Levels 
The applied amendments had variable effects on the formation of different 
sized  aggregates (Table 5).  Generally,  poultry  litter  improved  the  formation  of  
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Table 5:  Variation of dry aggregate size distribution with manures and 
their levels 
 
Aggregate Size Ranges (mm) 
Source of Variation 4 - 8  2 - 4  1 - 2  0.5 - 1  0.25 - 0.5  0.05 - 0.25  
Manures  
 (g 100g
-1) 
MSW compost  10.9c  9.9b  9.5a  9.3a  19.9a  19.0a  
Farm yard manure  12.0b  10.7a  9.8a  9.2a  19.4a  16.9b  
Poultry litter  12.9a  10.9a  9.8a  9.1a  16.7b  15.1c  
Levels  
Control  11.8ab  10.9a  9.9a  9.4a  17.8b  17.9a  
0.25 % SOC  11.2b  10.0b  9.8a  9.6a  19.8a  17.9a  
0.50 % SOC  12.3a  10.3b  9.1b  8.7b  19.1ab  16.3b  
1.0 % SOC  12.5a  10.9a  10.1a  9.2ab  18.0b  15.9b  
Aggregate fraction 11.9c  10.4d  9.7e  9.2f  18.9a  16.8b  
Means sharing common letter (s) do not differ significantly at 5 % level of 
significance  
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macro-aggregates (4 – 8 mm and 2 – 4 mm), while MSW compost significantly  
enhanced the formation of micro aggregates (0.25 – 0.5 mm and 0.05 – 0.25 mm). 
Among SOC levels, 1 % (SOC level) enhanced macro aggregation and 0.25 % 
(SOC level) enhanced micro aggregation. Comparison of sites showed higher 
aggregation at Koont site than AAUR site. Overall the abundance of macro 
aggregates in the size range of 0.25 – 0.5 mm was significantly highest as 
compared to other size fractions.  
In the size range of 4 – 8 mm, aggregation was significantly affected by 
amendments at both sites (Figure 10). At AAUR site, the noticeable differences 
appeared during the second year where farmyard manure applied at 0.25 % SOC 
level gave the maximum aggregate formation. At Koont site, poultry litter 
improved aggregation in both years with variable application rate i.e. 1 % of SOC 
during first year and 0.5 % of SOC during second year. Overall an improvement in 
4 – 8 mm aggregates was observed in the second than first year. 
 In case of 2 – 4 mm sized aggregates, effects of applied amendments varied 
among the sites. At AAUR site no significant effect of applied amendments in 2 – 
4 aggregate size range was noticed. Whereas, at Koont site poultry litter applied at 
the rate of 1 % SOC significantly improved 2 – 4 mm aggregate fraction, however 
the differences disappeared in second year. Overall a decline in aggregation was 
observed during second experimental year than first year. 
 Considering the results of 1 – 2 mm aggregate size, the formation of 
aggregates significantly altered with the applied organic amendments (Figure 12).  
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Figure 10:  Dry weight of 4 to 8 mm sized aggregates as influenced by carbon levels applied from the three sources during two 
years at AAUR and Koont sites: (a) AAUR site during 2012, (b) AAUR site during 2013, (c) Koont site during 2012 and (d) Koont 
site during 2013 showing poultry litter application improved the formation of the aggregates sized 4 to 8 mm due to higher 
concentration of microbial biomass carbon and polysaccharides.  
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Figure 11:  Dry weight of 2 to 4 mm sized aggregates as influenced by carbon levels applied from the three sources during two 
years at AAUR and Koont sites: (a) AAUR site during 2012, (b) AAUR site during 2013, (c) Koont site during 2012 and (d) Koont 
site during 2013 indicating poultry litter application improved the formation of the aggregates sized 2 to 4 mm at Koont site during 
2012 due to higher concentration of microbial biomass carbon and polysaccharides.  
 
 
56 
 
 
Figure 12:  Dry weight of 1 to 2 mm sized aggregates as influenced by carbon levels applied from the three sources during two 
years at AAUR and Koont sites: (a) AAUR site during 2012, (b) AAUR site during 2013, (c) Koont site during 2012 and (d) Koont 
site during 2013 showing poultry litter application improved the formation of the aggregates sized 1 to 2 mm at AAUR site in 2013 
due to higher concentration of microbial biomass carbon and polysaccharides.  
57 
 
 
 
At AAUR site, the differences were significant in second year as compared to first 
experimental year, where the application of poultry litter @ 0.25 % and farmyard 
manure @ 1 % enhanced the aggregate formation. At Koont site, the formation of 
aggregates of this fraction was non significant in both years. 
The results regarding the formation of 0.5 – 1 mm aggregates varied at both 
sites varied significantly (Figure 13). At AAUR site, the differences were more 
evident in second experimental year, where the application of farmyard manure 
with 1 % SOC level increased the aggregate formation. At Koont site, the 
application of farmyard manure at 0.25 % level significantly enhanced the 
formation of this aggregate fraction in both experimental years.  
The formation of 0.25 – 0.5 mm aggregates varied significantly at both 
sites (Figure 14). At AAUR site the differences were noticeable in second 
experimental year, where the soils amended with farmyard manure (1% level 
SOC), poultry litter (0.25 % level SOC) and control. While at Koont site, the 
differences among the amendments were significant in first experimental year by 
the application of MSW compost at 0.5 % level improved the aggregate formation.  
In case of micro aggregates (0.05 – 0.25 mm), the aggregate formation 
varied significantly at both sites (Figure 15). At AAUR site, the results were 
significant in second experimental year, where the micro aggregates were more 
abundant in control plot. At Koont site, the differences among the amendments 
were significant in both years, where MSW compost applied at 0.5 % level 
significantly enhanced the abundance of micro aggregates. 
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 Figure 13:  Dry weight of 0.5 to 1 mm sized aggregates as influenced by carbon levels applied from the three sources during two 
years at AAUR and Koont sites: (a) AAUR site during 2012, (b) AAUR site during 2013, (c) Koont site during 2012 and (d) Koont 
site during 2013 illustrating farmyard manure application enhanced the formation of the aggregates sized 0.5 to 1 mm.  
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Figure 14:  Dry weight of 0.25 to 0.5 mm sized aggregates as influenced by carbon levels applied from the three sources during 
two years at AAUR and Koont sites: (a) AAUR site during 2012, (b) AAUR site during 2013, (c) Koont site during 2012 and (d) 
Koont site during 2013 showing farmyard manure application improved the formation of the aggregates sized 0.25 to 0.5 mm.  
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Figure 15:  Dry weight of 0.05 to 0.25 mm sized aggregates as influenced by carbon levels applied from the three sources during 
two years at AAUR and Koont sites: (a) AAUR site during 2012, (b) AAUR site during 2013, (c) Koont site during 2012 and (d) 
Koont site during 2013 showing MSW compost application improved the formation of the micro aggregates sized 0.05 to 0.25 mm.  
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Poultry litter has shown the improvement regarding macro aggregate 
formation, and poultry litter had high microbial biomass carbon content (Table 3) 
which might have increased the microbial activity when applied in soil, and such 
activity provided favorable environment for aggregate formation (Six et al., 2004).  
Polysaccharide content of the poultry litter, was also higher (Table 3), such 
substances are important transient binding agents for soil particles (Tisdall and 
Oades, 1982), thus improved the aggregation when applied into the soil. Saglam et 
al. (1993) reported that in some soils there is a significant relationship between 
carbon content and macro aggregates (> 0.5 mm). 
It is clearly evident that the poultry litter at 1 % level application 
amendment has improved significantly the macro aggregate formation, hence 
improved the soil structure. MSW compost treatments enhanced the formation of 
micro aggregates and failed to improve the macro aggregation, over two years of 
time. Schjønning et al. (2002) have examined that long-term effect of organically 
and conventionally cultivated systems on a range of soil physical, chemical and 
biological characteristics in Denmark and stated that the results further indicated 
that the contribution of the different biotic factors responsible for macro 
aggregation varied from soil to soil.  
The results of different fractions for aggregate formation were enhanced by 
the application of different organic amendments, which depicts that compositional 
differences of the manures are playing an effective role in the formation of dry 
aggregates. 
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4.2.2  Variation of Mean Weight Diameter of Dry Aggregates (MWDdry) as 
Affected by the Application of the Manures and Their Levels  
Results pertaining to the effect of treatments on mean weight of diameter 
(MWD) of two different textured soils (AAUR and Koont) were statistically 
significant (Table 6). And it showed that the application of farmyard manure and 
poultry litter at 0.25 % levels significantly improved the MWD of dry aggregates 
(1.5 mm) as compared to the control at AAUR site in the second year (2013) of 
application. At Koont site, the results were significant in both years, but with 
different manures. The application of poultry litter in 2012 and farmyard manure in 
2013, applied at 1 % level improved the MWD, with the values of 1.8 mm and 1.7 
mm, respectively. Overall the Koont site was significantly high as compared to 
AAUR and mean weight diameter of soil was improved significantly in the second 
year (2013) of application.  
MWD values were calculated on the basis of dry aggregate size 
distribution, so this parameter clearly reflects the aggregate formation as affected 
by different amendments. Mean weight diameter is one of the parameters used to 
describe soil structure, and this measurement majorly depends on the abundance of 
macro aggregates. The results clearly showed that different textured sites vary in 
their maximum effect towards the applied amendments regarding improvement in 
soil structure by the formation of aggregates. The texture of koont site was sandy 
clay loam, with higher percentage of clay as compared to AAUR site. And soils 
having higher percentage of clay respond well towards the amendments regarding 
aggregate formation (Abiven et al., 2009). 
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Table 6:  Mean weight diameter of dry aggregates variation by the application of different manures and their levels at two 
different textured soils for two years 
 AAUR 2012 AAUR 2013 Koont 2012 Koont 2013  
Levels (SOC) S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 Levels 
 (mm) 
Control 1.1  1.1  1.1  1.2bcd  1.2bcd  1.2bcd  1.5b  1.5b  1.5b  1.6bc  1.6bc  1.6bc  1.3 a  
0.25 % 1.1  1.1  1.2  1.1cd  1.5 a  1.5 a  1.2de  1.3cde  1.1f  1.4e  1.4e  1.5bcd  1.2 b  
0.5 % 1.3  1.2  1.3  1.3abc  1.3 ab  1.3 ab  1.1f  1.2de  1.4bc  1.4e  1.6bc  1.6bc  1.3 ab  
1 % 1.1  1.3  1.3  1.0d  1.3 ab  1.4 ab  1.2de  1.4bc  1.8 a  1.6bcd  1.7 a  1.5bcd  1.4 a  
Source means Sites means Year means 
S 1 (MSW compost) 1.26 b AAUR 1.27 b  2012  1.26 b  
S 2 (Farmyard manure) 1.35 a Koont 1.40 a  2013  1.41 a  
S 3 (Poultry litter) 1.40 a   
Means sharing common letter (s) do not differ significantly at 5 % level of significance
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Organic material addition improves the relative abundance of macro 
aggregates at the expense of other fractions and also results in higher C in macro 
aggregate fractions (Das et al., 2014). Poultry litter had the highest FA:HA ratio 
(Table 3), which could be the reason that during the two years of field trial, poultry 
litter performed better as compared to other manures in improving the aggregate 
formation, and eventually mean weight diameter (MWD).  
Mean weight diameter of soil usually responds effectively towards soil 
organic matter levels (Sardo et al., 2013). Aggregate formation is enhanced by 
TOC, biota, clay and carbonates which act as binding agents and as a central force 
in the formation of aggregates (Tayel et al., 2010). Organic matter plays the 
fundamental role in processing soil particles to form aggregates and also by 
decreasing the amount of non-complexed clay available for cementation upon 
drying of aggregates (Schjønning et al., 2012). 
4.2.3  Variation in Aggregate Stability by the Application of the Manures 
and Their Levels 
The applied amendments had variable effects on the stability of different 
sized aggregates (Table 7). The manure means of aggregate stability altered 
significantly for all aggregate size fractions except 4 – 8 mm and 0.5 – 1 mm. The 
aggregates sized 2 – 4 mm significantly stabilized by the application of MSW 
compost and farmyard manure. The poultry litter amended soils showed 
improvement in the stability of 1 – 2 mm and 0.25 – 0.5 mm aggregates. The micro 
aggregate fraction i.e. 0.05 – 0.25 mm, were stabilized by the MSW compost.  
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Table 7:  Variation of wet aggregate stability with manures and their 
levels 
 
Aggregate Size Ranges (mm)  
Source of Variation  4 - 8  2 - 4  1 - 2  0.5 - 1  0.25 - 0.5  0.05 - 0.25  
Manures  --------------------------------- g 100g-1 ---------------------------- 
MSW compost  30.1 a  22.1 a  19.4 b  40.8 a  49.1 b  66.6 a  
Farm yard manure  27.9 a 22.6 a  18.9 b 41.5 a 48.6 b 63.6 b 
Poultry litter  27.8 a  14.6 b  26.3 a  42.1 a 51.4 a  54.3 c 
Levels  
Control  21.4 b  9.9 c  15.7 c  41.1 b  46.9 c  56.6 c  
0.25 % SOC  29.0 a  22.0 b  21.1 b  38.4 c  49.1 b  61.3 b  
0.50 % SOC  31.9 a  25.8 a  28.1 a  42.1 ab  47.8 bc  66.5 a  
1.0 % SOC  32.1 a  21.3 b  21.4 b  44.2 a  54.9 a  61.6 b  
Aggregate fractions  30.0 d  21.8 e  22.8 e  41.6 c  50.3 b  62.5 a  
 
Means sharing common letter (s) do not differ significantly at 5 % level of 
significance 
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Among the SOC levels, the application of manures at 0.5 % level showed 
significant progress in  the  stability  of  all  aggregate  sizes  against water except 
0.5 – 1 and 0.25 – 0.5 mm. In these aggregate sizes the application of 1 % level 
improved aggregate stability as compared to other levels. In case of 4 – 8 mm 
aggregates, the aggregate stability varied significantly between both sites (Figure 
16). At AAUR site, the stability of aggregates varied among the amendments in 
both experimental years significantly but with different levels, where the 
application of poultry litter at 1 % during first year and MSW compost at 0.25 % 
level during second experimental year. At Koont site, the differences among the 
applied amendments varied noticeably in both years, the application of 1 % levels 
of farmyard manure during first year and poultry litter during second experimental 
year improved the stability of aggregates.   
In case of 2 – 4 mm aggregates, the results regarding the stability of 
aggregates changed among the amendments significantly at both sites (Figure 17). 
At AAUR site, the differences were noticeable in second experimental year, where 
the application of MSW compost at 1 % level increased the aggregate stability. At 
Koont site the soils amended with different organic amendments altered 
significantly in both years, with application of farmyard manure (0.5 % level 
SOC).  
Considering the size range of 1 – 2 mm aggregates, the stability of 
aggregates was significantly different among the varying amendments (Figure 18). 
At AAUR site the results varied significantly in both years. The application of 0.5 
% levels of farmyard manure and MSW compost significantly enhanced the 
aggregate stability (1 – 2 mm ) in 2012 and 2013, respectively.  
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Figure 16:  Weight of 4 to 8 mm sized stable aggregates as influenced by carbon levels applied from the three sources during two 
years at AAUR and Koont sites: (a) AAUR site during 2012, (b) AAUR site during 2013, (c) Koont site during 2012 and (d) Koont 
site during 2013 showing MSW compost and poultry litter application improved the stability of the aggregates sized 4 to 8 mm due 
to higher concentration of humic substances.  
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Figure 17:  Weight of 2 to 4 mm sized stable aggregates as influenced by carbon levels applied from the three sources during two 
years at AAUR and Koont sites: (a) AAUR site during 2012, (b) AAUR site during 2013, (c) Koont site during 2012 and (d) Koont 
site during 2013 showing MSW compost and farmyard manure application improved the stability of the aggregates sized 2 to 4 mm 
due to their more decomposed nature and higher concentration of humic substances. 
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Figure 18:  Weight of 1 to 2 mm sized stable aggregates as influenced by carbon levels applied from the three sources during two 
years at AAUR and Koont sites: (a) AAUR site during 2012, (b) AAUR site during 2013, (c) Koont site during 2012 and (d) Koont 
site during 2013 indicating poultry litter application improved the stability of the aggregates sized 1 to 2 mm due to higher 
concentration of humic substances. 
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At Koont site, the differences were noticeable among the amendments in both 
experimental years. The stability of aggregates improved by the application of 
poultry litter (0.5 % level SOC) and farmyard manure (0.25 % level SOC) in 2012 
and 2013, respectively. 
The results regarding the stability of 0.5 – 1 mm aggregates varied 
significaly with the amendments at both sites (Figure 19). At AAUR site, the 
improvement in aggregate stability was variable with the amendments in both 
years, where the application of farmyard manure (0.25 % level SOC) during first 
year and MSW compost (1 % level SOC) during second year significantly 
improved the stability of aggregates. Similarly at Koont site, the application of 
poultry litter at 1 % level and 0.5 % level improved the stability of aggregates, in 
2012 and 2013, respectively.  
Considering the 0.25 – 0.5 mm aggregate fraction, the results varied 
significantly among the applied amendments between both sites (Figure 20). At 
AAUR site, the variation among the amendments was noticeable in second 
experimental as compared to first experimental year, where the aggregate stability 
was enhanced by the application of poultry litter @ 0.25 % and 1 % levels. At 
Koont site the evident differences were observed in first experimental year, where 
the application of farmyard manure with 0.5 % levels has improved the aggregate 
stability significantly. 
In case of micro aggregates i.e. 0.05 – 0.25 mm aggregates, the results 
among the different organic applications altered significantly between both sites  
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Figure 19:  Weight of 0.5 to 1 mm sized stable aggregates as influenced by carbon levels applied from the three sources during 
two years at AAUR and Koont sites: (a) AAUR site during 2012, (b) AAUR site during 2013, (c) Koont site during 2012 and (d) 
Koont site during 2013 showing MSW compost and farmyard manure application improved the stability of the aggregates sized 0.5 
to 1 mm due to their stable and persistent nature. 
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Figure 20:  Weight of 0.25 to 0.5 mm sized stable aggregates as influenced by carbon levels applied from the three sources during 
two years at AAUR and Koont sites: (a) AAUR site during 2012, (b) AAUR site during 2013, (c) Koont site during 2012 and (d) 
Koont site during 2013 showing poultry litter application improved the stability of the aggregates sized 0.25 to 0.5 mm due to 
higher concentration of humic and non humic substances. 
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Figure 21:  Weight of 0.05 to 0.25 mm sized stable aggregates as influenced by carbon levels applied from the three sources 
during two years at AAUR and Koont sites: (a) AAUR site during 2012, (b) AAUR site during 2013, (c) Koont site during 2012 and 
(d) Koont site during 2013 showing MSW compost and farmyard manure application improved the stability of the aggregates sized 
0.05 to 0.25 mm due to their higher degree of decomposition. 
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(Figure 21). At AAUR site, the differences were more clear in first year, where the 
application of poultry litter @ 0.5 % level and farmyard manure @ 1 % level 
improved the stability of aggregates. While at Koont site, the variation among the 
amendments was significant in both experimental years, and the application of 
farmyard manure @ 0.5 % and MSW compost @ 0.25 % enhanced aggregate 
stability in 2012 and 2013, respectively. 
At both sites the improvement in stability was governed by different 
sources but the nature of both materials is same. Both of them are composted 
products which suggest that mature manures can play effective role in stabilizing 
soil structure. Aggregates larger than 0.25 mm diameter are considered as macro 
aggregates (Wang et al., 2006). At AAUR site, results showed that MSW compost 
dominantly improved macro aggregate stability. The stability of macro aggregates 
is correlated with soil organic matter content (Hamblin and Davies, 1977; Douglas 
and Goss, 1982). Temporary binding agents like polysaccharides, microbial by 
products etc (Graf and Frei, 2013), give little explanation of macro aggregate 
stability. The proportion of water-stable macro aggregates (>1 mm) show large 
temporal variation and additional organic matter accumulation in the surface soil 
provided by manure additions would lead to increased macro aggregation and be 
related to the accumulation of particulate organic matter (Angers and Caron, 1998). 
The varying response of the applied organic sources strengthen the hypothesis that 
different forms of carbon particularly humic substances are more responsible for 
aggregate stability of varying fractions rather than total organic carbon. 
75 
 
 
 
4.2.4  Variation of Mean Weight Diameter of Wet Aggregates (MWDwet) as 
Affected by the Application of the Manures and Their Levels 
The effect of manures and their levels on wet mean weight of diameter 
(MWDwet) of two different textured soils (AAUR and Koont) were statistically 
significant (Table 8). And it showed that the application of MSW compost at 0.25 
% level significantly improved the MWD of wet aggregates (5.5 mm) as compared 
to the control at AAUR site in the second year (2013) of application. At Koont site, 
the results were significant in both years. The application of farmyard manure at 1 
% level in 2012 and at 0.5 % level in 2013, improved the MWD, with the values of 
3.4 mm and 3.3 mm, respectively.  
Overall the AAUR site was significantly high as compared to Koont site 
and mean weight diameter of soil was improved significantly in the first year 
(2012) of application. The results showed that sites varying in texture and rainfall 
pattern have shown considerable differences in determining the response of the 
applied amendments regarding the formation of stable aggregates.  
The composted materials like MSW compost and farmyard manure are 
mature and have had reached upto the maximum limit of decomposition, which 
may have improved their composition regarding stable forms of carbon. The 
relationship between mean weight diameter of wet aggregates and soil organic 
carbon levels also show a positive correlation (Sardo et al., 2013).  
These results suggest that organic materials having stable microbial 
biomass carbon levels during incubation experiment tends to produce water stable 
aggregate 
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Table 8:  Mean weight diameter of wet aggregates variation by the application of different manures and their levels at 
two different textured soils for two years 
 AAUR 2012 AAUR 2013 Koont 2012 Koont 2013  
Levels (SOC) S 1 S 2 S 3 S 1 S 2 S 3 S 1 S 2 S 3 S 1 S 2 S 3 Levels 
Control 2.6  2.6  2.6  2.8c  2.8c  2.8c  2.0d  2.0d  2.0d  1.9f  1.9f  1.9f  2.4c  
0.25 % 5.5  4.3  4.9  5.5a  2.5c  2.5c  2.4c  2.8b  1.3e  2.3e  3.1b  2.0j-m  3.3b  
0.5 % 5.2  5.4  4.9  3.1bc  4.4ab  4.9ab  2.5c  2.9b  2.4c  2.6d  3.3a  2.6d  3.7a  
1 % 6.5  5.2  6.8  4.0abc  2.5c  2.6c  1.9d  3.4a  1.9d  2.3e  2.1f  2.9c 3.5ab  
Source means Sites means Year means 
S 1 (MSW compost) 3.3 a AAUR 4.04 a  2012  3.51 a  
S 2 (Farmyard manure) 3.2 a Koont 2.36 b  2013  2.89 b  
S 3 (Poultry litter) 3.1 a   
Means sharing common letter (s) do not differ significantly at 5 % level of significance
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when applied into the soil. Stable forms of carbon like humic substances (humic 
and fulvic acids) produce favorable environment for the formation of water stable 
aggregates (Six et al., 2004). 
4.2.5  Aggregate Associated Carbon of Various Aggregate Size Classes as 
Affected by the Application of the Manures and Their Levels 
The application of organic manures and their levels had varying effects on 
the carbon contents of different aggregate size fractions (Table 9). The aggregates 
sized 4 – 8 mm and 2 – 4 mm (macro aggregates) had significantly highest carbon 
content by the application of farmyard manure. The poultry litter amended soils 
showed improvement in the carbon contents of 1 – 2 mm and 0.25 – 0.5 mm 
aggregates. The application of MSW compost enhanced the carbon contents of 0.5 
– 1 mm and 0.05 – 0.25 mm. Among SOC levels means, the application of 0.5 % 
SOC level showed significant improvement in the carbon content of all aggregate 
sizes except 0.25 – 0.5 mm. In this aggregate size class the application of 1 % level 
was significantly higher as compared to other levels. Overall the micro aggregates 
(0.05 – 0.25 mm) showed highest carbon content as compared to other aggregate 
size fractions.  
In the size range of 4 – 8 mm aggregates, the variation among the applied 
amendments at both sites was significantly different (Figure 22). At AAUR site, 
the application of farmyard manure (0.5 % SOC level) improved the carbon 
content within aggregates in both experimental years. Similarly at Koont site, 
farmyard  
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Table 9:  Carbon associated with different sized aggregates variation 
with manures and their levels 
 
Aggregate Size Ranges (mm)   
Source of 
Variation  
4 - 8  2 - 4  1 - 2  0.5 - 1  0.25 - 0.5  0.05 - 0.25  
Means 
Manures  
--------------------------------- g kg-1 --------------------------
- 
 
MSW compost  8.04 b  10.4 b  7.48 b  17.46 a  13.13 c  20.90 a  12.9a  
Farm yard manure  8.31 a 10.9 a  7.55 b 11.57 c 13.61 b 19.53 b 11.9b 
Poultry litter  7.96 b  8.51 c  8.53 a  13.43 b 14.89 a  17.11 c 11.7c 
Levels   
Control  3.02 c  4.23 d  4.55 d  7.36 c  11.75 c  16.21 c  7.8d  
0.25 % SOC  9.55 b  11.9 b  8.61 b  15.61 b  14.21 b  19.47 b  13.2b  
0.50 % SOC  10.4 a  14.2 a  10.6 a  16.91 a  14.04 b  21.61 a  14.6a  
1.0 % SOC  9.46 b  9.38 c  7.64 c  16.74 a  15.51 a  19.42 b  13.0c  
Aggregate 
fractions  
9.12 e  11.07 d  8.51 f  15.51 b  14.30 c  19.77 a  
 
 
Means sharing common letter (s) do not differ significantly at 5 % level of 
significance  
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Figure 22:  Carbon contents of 4 to 8 mm sized stable aggregates as influenced by carbon levels applied from the three sources 
during two years at AAUR and Koont sites: (a) AAUR site during 2012, (b) AAUR site during 2013, (c) Koont site during 2012 and 
(d) Koont site during 2013 showing farmyard manure application improved the carbon contents of the stable aggregates sized 4 to 
8 mm. 
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Figure 23:  Carbon contents of 2 to 4 mm sized stable aggregates as influenced by carbon levels applied from the three sources 
during two years at AAUR and Koont sites: (a) AAUR site during 2012, (b) AAUR site during 2013, (c) Koont site during 2012 and 
(d) Koont site during 2013 showing MSW compost and farmyard manure application improved the carbon contents of the stable 
aggregates sized 2 to 4 mm. 
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manure application of 1 % and 0.25 % levels enhanced the associated carbon of 
aggregates in 2012 and 2013, respectively. 
Considering the size range of 2 – 4 mm aggregates, the differences among the 
applied amendments at both sites were statistically significant (Figure 23). At 
AAUR site, the application of 0.25 % and 0.5 % SOC levels of the MSW compost 
significantly enhanced the carbon concentration within aggregates in, 2012 and 
2013 respectively. While at Koont site, the application of farmyard manure at 0.5 
% level significantly increased the aggregate associated carbon in both 
experimental years. 
In the size range of 1 – 2 mm aggregates, the differences among the applied 
organic amendments were statistically significant at both sites (Figure 24). At 
AAUR site, the organic amendments i.e. MSW compost in first year and poultry 
litter in second experimental both at the rate of 0.5 % level enhanced the carbon 
content of aggregates. And at Koont site, the poultry litter (0.5 % level) and 
farmyard manure (0.25 % level) improved aggregate associated carbon of in 2012 
and 2013 respectively.  
The results of 0.5 - 1 mm aggregate size fraction showed that the 
differences among the applied organic amendments were significantly variable at 
both sites (Figure 25). At AAUR site, the MSW compost applied at 0.25 % and 1 
% increased carbon content significantly in 2012 and 2013 respectively. And the 
application of poultry litter proved fruitful at Koont site as its  1 % and  0.5 % level  
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Figure 24:  Carbon contents of 1 to 2 mm sized stable aggregates as influenced by carbon levels applied from the three sources 
during two years at AAUR and Koont sites: (a) AAUR site during 2012, (b) AAUR site during 2013, (c) Koont site during 2012 and 
(d) Koont site during 2013 showing poultry litter application improved the carbon contents of the stable aggregates sized 1 to 2 
mm. 
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Figure 25:  Carbon contents of 0.5 to 1 mm sized stable aggregates as influenced by carbon levels applied from the three sources 
during two years at AAUR and Koont sites: (a) AAUR site during 2012, (b) AAUR site during 2013, (c) Koont site during 2012 and 
(d) Koont site during 2013 indicating MSW compost and farmyard manure application improved the carbon contents of the stable 
aggregates sized 1 to 2 mm. 
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Figure 26:  Carbon contents of 0.25 to 0.5 mm sized stable aggregates as influenced by carbon levels applied from the three 
sources during two years at AAUR and Koont sites: (a) AAUR site during 2012, (b) AAUR site during 2013, (c) Koont site during 
2012 and (d) Koont site during 2013 illustrating poultry litter and farmyard manure application improved the carbon contents of 
the stable aggregates sized 0.25 to 0.5 mm. 
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Figure 27:  Carbon contents of 0.05 to 0.25 mm sized stable aggregates as influenced by carbon levels applied from the three 
sources during two years at AAUR and Koont sites: (a) AAUR site during 2012, (b) AAUR site during 2013, (c) Koont site during 
2012 and (d) Koont site during 2013 indicating MSW compost and farmyard manure application improved the carbon contents of 
the stable aggregates sized 0.05 to 0.25 mm. 
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application increased the aggregate (0.5 – 1 mm) associated carbon in 2012 and 
2013 respectively. 
Considering the size range of 0.25 – 0.5 mm aggregates, the variation 
among the applied organic amendments was statistically significant at both sites 
(Figure 26). At AAUR site, the application of farmyard manure (0.5 % SOC level) 
during first year and poultry litter (1 % SOC level) during second experimental 
year improved the carbon content within aggregates. Similarly at Koont site, 
farmyard manure and poultry litter application of 0.5 % SOC levels enhanced the 
associated carbon of 0.25 – 0.5 mm aggregates in 2012 and 2013, respectively. 
The results of 0.05 – 0.25 mm aggregate size fraction showed that the 
differences among the applied organic amendments were significantly noticeable at 
both sites (Figure 27).At AAUR site, the poultry litter (0.5 % SOC level) and 
farmyard manure (1 % SOC level) application increased carbon content 
significantly in 2012 and 2013 respectively. And at Koont site, the application of 
farmyard manure (0.5 % SOC level) in first year and MSW compost (0.25 % SOC 
level) in second experimental year increased the aggregate associated carbon. 
These results suggest that all the composted or mature manures with 
different levels improved the carbon distribution within different large sized 
aggregates in first year of application as compared to the fresh material like poultry 
litter. The macroaggregate classes (4 – 8 mm, 2 – 4 mm and 0.5 – 1 mm) and micro 
aggregates (0.05 – 0.25 mm) improved their carbon contents significantly by the 
application of farmyard manure and MSW compost (Composted materials) at 
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different levels in second year of application. And it can be deduced that overall at 
AAUR site application of mature products helped to retain the carbon contents for 
longer time as compared to poultry litter. Similarly, at Koont site it can be 
concluded that distribution of carbon within different sized macro aggregates (4 -8 
mm, 2 – 4 mm and 1 – 2 mm) was improved by the application of farmyard 
manure.  
At both sites the improvement in carbon contents was governed by mature 
or composted materials. It suggests that mature manures can play effective role in 
conserving the carbon within the soil aggregates. The sequestration of carbon 
within soil aggregates is important for improvement in soil structural properties 
(Banger et al., 2009). The effect of different manure treatments on SOC in soil 
have been conducted to develop better ways for enhancing SOC (Banger et al., 
2009). The application of composted or un composted organic manures can 
improve soil aggregation and aggregate associated carbon (Six et al., 1999; Rasool 
et al., 2008).  
The distribution of carbon within aggregates by manure application was 
increased with the aggregate size (Bhattacharyya et al., 2009). The composted 
materials like MSW compost and farmyard manure had higher contents of stable 
forms of carbon as compared to fresh material like poultry litter. In case of poultry 
litter it was observed during incubation experiment that it had higher concentration 
of humic acid at early stages but later it was degraded, which clearly suggest that 
fresh materials may have higher concentration of humic substances but its stability 
is not necessary. 
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 Presence of stable particulate organic matter (POM) can lead to an 
enhanced SOC buildup by increasing formation of macro aggregates. Organic 
manures accumulate within macro aggregates in the form of POM (Denef et al., 
2001; Kong et al., 2005). However, in this case carbon accumulation in macro 
aggregates and in whole soil mainly depends on the organic carbon concentration 
in the aggregated silt + clay fraction as compared to the presence of stable or 
unstable POM within macro aggregates. 
Compost and farmyard manure application significantly increased carbon 
concentration in soil macro aggregates at the expense of micro aggregates and the 
aggregated silt + clay fraction (Table 8). Compost application increases carbon 
concentration in all aggregate size fractions in loamy sand and sandy loam (Liao et 
al., 2006). Application of mature or composted materials greatly improve aggregate 
associated carbon and improved aggregation (Huang et al., 2010).  
Silt and clay particles provide various sites for carbon through strong ligand 
exchange and polyvalent cation bridging (Sposito et al., 1999). Organic materials 
having high or stable microbial activity enhances polysaccharide contents, which 
accumulate in aggregated silt + clay fractions (Kiem and Kogel-Knabner, 2003; 
Jolivet et al., 2006). Carbon concentration in the un-aggregated fractions may not 
be stable, and can be greatly affected by management practices (Liao et al., 2006; 
Yu et al., 2012).  
The associated carbon in the micro aggregates (0.05 – 0.25 mm) is likely to 
play a key role in the formation of macro aggregates by increasing the carbon 
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content. As discussed above, aggregates in the different treatments had 
significantly improved associated carbon concentrations in the aggregated silt + 
clay fraction and micro aggregates.  
Thus, we conclude that with an increase in carbon contents in the different 
sized aggregates, the smaller micro aggregates in soils amended with mature 
organic materials like MSW compost and farmyard manure, bind together to 
become micro aggregates and eventually macro aggregates. The accumulation of 
carbon in macro aggregates was mainly associated to an increase in carbon content 
of the micro aggregates.  
4.2.6  Field Saturated Hydraulic Conductivity Under Manures  
The results of field saturated hydraulic conductivity (Table 10) at AAUR 
site, showed that the application of MSW compost at 1 % and 0.25 % levels, in 
2012 and 2013, respectively, improved the conductivity rates. At Koont site, the 
application of poultry litter at 0.25 % level in 2012 improved hydraulic 
conductivity, while, in second experimental year (2013) the application of MSW 
compost (0.5 % SOC) and farmyard manure (0.25 % SOC) has significantly 
improved conductivity rates as compared to all other treatments. Overall the 
hydraulic conductivity at AAUR site was significantly higher as compared to the 
Koont site, and also the amendments affected significantly in the first year of 
application.  
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Table 10: Saturated hydraulic conductivity (mm h-1) variation with the application of manures and their levels 
 AAUR 2012 AAUR 2013 Koont 2012 Koont 2013  
Levels (SOC) S 1 S 2 S 3 S 1 S 2 S 3 S 1 S 2 S 3 S 1 S 2 S 3 Levels 
 (mm h-1) 
Control 108ab 108ab 108ab 43c 43c 43c 6de 6de 6de 34b 34b 34b 48 a 
0.25 % 79bc 39cde 54cde 61a 29e 9g 30ab 23bc 41a 21b 68a 25b 40 b 
0.5 % 75bcd 33de 47cde 52b 24ef 9g 31ab 18bcd 9de 63a 28b 22b 34 bc 
1 % 143a 27e 34de 21f 23f 36d 22bc 13cde 4e 30b 11b 33b 33 c 
Source means Sites means Year means 
S 1 (MSW compost) 51 a AAUR 52.0 a 2012 44.3 a 
S 2 (Farmyard manure) 33 b Koont 25.6 b 2013 33.3 b 
S 3 (Poultry litter) 32 b   
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Figure 28: Relationship between field saturated hydraulic conductivity and 
wet mean weight diameter showing strong linear relationship between 
structural stability and water movement in soil. 
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Saturated hydraulic conductivity was positively correlated (Figure 28) with 
mean weight diameter of wet aggregates (r = 0.36). These results clearly showed 
that higher levels of manures decreased the hydraulic conductivity rates over a 
period of two years after application. Such changes to soil hydraulic conductivity, 
particularly in the rhizosphere have been related to changes in soil structure 
(Whalley et al., 2005). At Koont site higher levels have not performed well in 
improving the conductivity rates, this is mainly due to the failure of higher levels to 
improve soil structural stability.  
As compost and farm yard manure are highly degraded products, their 
activity in soil is somehow different as compared to the un composted materials 
like poultry litter. MSW compost application affects the macro porosity of soil, 
which is the main reason of higher conductivity rates (Schneider et al., 2009), and 
this improvement in macro porosity was may be due to the improvement in stable 
macro aggregate formation of 2-4 mm aggregates by the similar application rates. 
The textural porosity is mainly due to the aggregates ranging in the size of 2-3 mm 
diameter (Stengel, 1979). This kind of pore space is mainly affected by the 
arrangement of basic soil particles, by the soil water content and the nature and 
proportions of clay, organic matter, and Fe and Al oxides, so, mechanical strength 
of 2-3 mm aggregates only depends on the packing and cementing of the such 
particles (Barral et al., 1998). 
4.2.7  Total Organic Carbon Under the Manures 
 The results regarding total organic carbon (TOC) were non-significant in all 
the years of both experimental sites (Table 11), only the main effects were 
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statistically significant. Overall the manures were non-significant for their potential 
to improve the TOC level of soil. The different levels of the manures means 
significantly affected the TOC content of the soil in all years of both experimental 
sites. At AAUR site, in 2012 all the levels were significantly higher as compared to 
control but non-significant with each other. In 2013, the application of 0.5 % level 
had improved the soil TOC content significantly as compared to control.  
At Koont site, in 2012 the manures applied at 0.25 % and 1 % level significantly 
shown an increase in TOC contents as compared to control and 0.5 % level 
application. Then in 2013, the application of 0.5 % and 1 % levels has shown 
higher concentration of carbon in soil as compared to other treatments. 
  The non-significant differences among manures strongly prove that the 
application of all three manures was on equivalent basis of carbon, and the role of 
manures’ compositional differences is negligible in determining the overall organic 
carbon status of soil. On the other hand the differences among the levels suggest 
that higher levels like 0.5 % and 1 % found to be successful for maintaining the soil 
TOC levels at both sites up to second year of application. Higher carbon content in 
the amended soils leads to questions regarding the location of carbon in the soil 
(Wick et al., 2010). The results of aggregate associated carbon also showed that the 
0.5 % level application enhanced the carbon levels in all the aggregates except 0.25 
– 0.5 mm aggregates. The bulk soil carbon or TOC affect the carbon concentration 
into the different sized aggregates, and TOC contents vary in soil by different 
organic inputs applied at variable rates (Das et al., 2014). 
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Table 11:  Variation of total organic carbon as affected by the application of manures and their levels  
 
AAUR 2012 AAUR 2013 Koont 2012 Koont 2013 
 
Sources 0 0.25 0.5 1 0 0.25 0.5 1 0 0.25 0.5 1 0 0.25 0.5 1 Sources  
-----------------------------------------------------------%-------------------------------------------------------- 
MSWC 6.3 7.1 14 9.9 7.5 8 11 9.1 1.6 1.9 1.6 2.3 1.6 2.1 4.9 3.1 5.7 a 
FYM 6.3 12.3 10 8.4 7.5 10 8.9 7 1.6 1.8 0.7 1.9 1.6 4.1 3.3 4.5 5.6 a 
PL 6.3 9.3 9.4 9.7 7.5 7.7 8.3 8.1 1.6 1.6 1.1 1.3 1.6 3.3 2.3 4.9 5.3 a 
Levels  6b 9a 11a 9a 7b 8ab 9a 8ab 1ab 2a 1 b 2a 1b 3ab 4a 4a 
 
Years 9.08 a 8.36 a 1.58 b 3.11 b 
 
Sites 8.72 a 2.34 b 
 
Means sharing common letter (s) are not significantly different at 5 % level of significant
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4.2.8  Soil Bulk Density Affected by the Manures 
 At AAUR site, the results of bulk density (Table 12) were significant in 
2013, and the application of poultry litter at 0.25 % and 0.5 % levels significantly 
decreased the bulk density. While at Koont site in 2012, the application of MSW 
compost at 0.5 % and 1 % levels resulted in a significant decrease in bulk density, 
and in 2013, in addition to the previous amendments the addition of MSW compost 
at 0.5 % level significantly reduced the bulk density values. 
 The difference in the behavior of manures varied with the change in 
locations suggests that the textural properties are also taking part in determining 
the effects of application of the manures.  At AAUR site, the reduction in bulk 
density values were significant in the second year of application and poultry litter 
application had significantly reduced the bulk density which is due to the 
stabilization of carbon contents of poultry litter in two years duration. The 
application of MSW compost showed significant reduction in bulk density at 
Koont site, because of the composting process. The applications of mature 
products significantly reduce the bulk density and hence improve the soil physical 
quality (Iqbal et al., 2005; Iqbal et al., 2012; Muqaddas et al., 2005). The effect of 
manure accumulation in the soil may take time but it significantly reduces the bulk 
density of soil (Shirani et al., 2002). 
4.2.9  Total Porosity Under Application of Manures  
 At AAUR site (2013), the application of poultry litter at 0.25 % and 0.5 % 
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Table 12:  Soil bulk density as affected by the application of manures and their levels 
 
AAUR 2012 AAUR 2013 Koont 2012 Koont 2013 
 
Levels S 1 S 2 S 3 S 1 S 2 S 3 S 1 S 2 S 3 S 1 S 2 S 3 Levels 
 
--------------------------------------------------(Mg m-3)-------------------------------------------------- 
Control 1.6 1.6 1.6 1.5de 1.5de 1.5de 1.5ab 1.5ab 1.5ab 1.5b 1.5b 1.5b 1.52 a 
0.25 % 1.5 1.6 1.5 1.5b 1.5cd 1.4g 1.4cd 1.4bc 1.4cd 1.5b 1.4b 1.4c 1.47 b 
0.5 % 1.4 1.7 1.6 1.4f 1.5e 1.4g 1.3e 1.5a 1.5ab 1.4c 1.5b 1.4c 1.46 b 
1 % 1.6 1.6 1.5 1.5c 1.6a 1.6a 1.3e 1.4ab 1.4d 1.5b 1.5b 1.5a 1.51 a 
Source means Sites means Year means 
S 1 (MSW compost) 1.47 b AAUR 1.5 a 2012 1.51 a 
S 2 (Farmyard manure) 1.52 a Koont 1.4 b 2013 1.47 b 
S 3 (Poultry litter) 1.48 b         
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levels significantly enhanced the total porosity (Table 13). While at Koont site in 
2012, the application of MSW compost at 0.5 % and 1 % levels resulted in a 
significant improvement in total porosity, and in 2013, besides the previous 
amendments the addition of MSW compost at 0.5 % level significantly enhanced 
the total porosity of amended soils. 
The application of mature or composted organic amendments improve the 
total porosity of soils by improving the structural properties due to higher 
concentration of stable and persistent binding agents like humic and fulvic acids. 
The application of poultry litter improved the total porosity in the second year of 
application at AAUR site because by that time poultry litter has got stabilized by 
the decomposition process. Total porosity is mainly affected by the bulk density of 
soils, the reduction in bulk density by the application of mature or composted 
manures is well documented (Iqbal et al., 2012; Muqaddas et al., 2005). The 
improvement in total porosity also depictsinto better hydraulic conductivity rates, 
and in our study application of MSW compost significantly affected rate of water 
flow in soil. The improvement in physical properties like porosity is due to the 
application of such materials having stable compounds like humic and fulvic acid 
in abundance, because these materials significantly sequester carbon in the soil 
(Hussain et al., 2013). 
4.2.10  Gravimetric Moisture Content Under Manures Application 
 Results regarding the gravimetric moisture content (Table 14) were 
statistically significant. At both sites, the application of all levels were significantly  
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Table 13:  Total porosity of soil as affected by the application of manures and their levels 
 
AAUR 2012 AAUR 2013 Koont 2012 Koont 2013 
 
Levels S 1 S 2 S 3 S 1 S 2 S 3 S 1 S 2 S 3 S 1 S 2 S 3 Levels 
 
--------------------------------------------------(%)-------------------------------------------------- 
Control 37 37 37 44cd 44cd 44cd 44de 44de 44de 44b 44b 44b 42.6b 
0.25 % 41 40 43 42f 43de 48a 47bc 46cd 47bc 44b 44b 48a 44.4a 
0.5 % 47 36 38 47b 44c 48a 50a 44e 45de 47a 45b 47a 44.6a 
1 % 39 39 41 43e 40g 40g 49a 45de 48b 44b 44b 43c 42.9b 
Source means Sites means Year means 
S 1 (MSW compost) 44.4 a AAUR 42.9 b 2012 41.8 b 
S 2 (Farmyard manure) 42.4 b Koont 44.4 a 2013 45.4 a 
S 3 (Poultry litter) 44.0 a         
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higher as compared to control in first year of application (2012), on the other hand 
in 2013, the soils applied with poultry litter at the rate of 0.5 % level showed 
highest moisture content as compared to all other amendments. 
The results regarding poultry litter have shown that saturated hydraulic 
conductivity is being reduced upon its application. And higher results of moisture 
content in poultry litter amended soils prove that it is a highly porous material as 
compared to other amendments, thus increasing the water holding capacity of soil. 
The application of organic materials sometimes reduces the hydraulic conductivity 
and increase the moisture holding capacity of soil, and it apparently depends upon 
their individual surface properties like surface area, porosity etc. Application of 
organic manures and residues improve the soil moisture content and hence helpful 
in moisture conservation (Petersen et al., 2002; Williams and Rice, 2007). 
4.2.11  Wheat Biomass Yield as Affected by the Application of Manures  
 At AAUR site, all the levels of manures improved the wheat biomass yield 
(Table 15) significantly as compared to control in both years. The trends of levels, 
means were similar at Koont site. The manure means were significant in 2013 at 
Koont site only. And these results showed that the application of poultry litter and 
farmyard manure at Koont site in 2013 significantly enhanced the biomass yield as 
compared to MSW compost. 
The interactions were non-significant at both sites in all years, which show 
that all the manures had similarly improved the biomass yield with increasing
 
 
100 
 
Table 14:  Gravimetric moisture content as affected by the application of manures and their levels 
 
AAUR 2012 AAUR 2013 Koont 2012 Koont 2013 
 
Levels S 1 S 2 S 3 S 1 S 2 S 3 S 1 S 2 S 3 S 1 S 2 S 3 Levels 
 
(%) 
Control 3.7 3.7 3.7 4.2cde 4.2cde 4.2cde 3.7 3.7 3.7 4.2cde 4.2cde 4.2cde 3.9 b 
0.25 % 7.5 5.4 5.7 5.2bc 3.9de 3.5e 7.5 5.4 5.7 5.2bc 3.9de 3.5e 5.2 a 
0.5 % 5.0 6.9 6.8 5.4b 3.5e 7.3a 5.0 6.9 6.7 5.5b 3.3e 7.3a 5.8 a 
1 % 5.0 6.0 8.2 5.0bcd 4.7bcd 3.9de 5.0 6.0 8.2 5.0bcd 3.9bcd 3.9de 5.4 a 
Source means Sites means Year means 
S 1 (MSW compost) 5.1 ab AAUR 5.1 a 2012 5.6 a 
S 2 (Farmyard manure) 4.7 b Koont 5.2 a 2013 4.6 b 
S 3 (Poultry litter) 5.4 a         
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Table 15:  Biomass yield of wheat crop as affected by the application of manures and their levels 
 AAUR 2012 AAUR 2013 Koont 2012 Koont 2013  
Levels S 1 S 2 S 3 S 1 S 2 S 3 S 1 S 2 S 3 S 1 S 2 S 3 Levels 
 (Mg ha
-1) 
Control 4.83 4.83 4.83 5.95 5.95 5.95 4.1 4.1 4.1 5.53 5.53 5.53 5.1 
0.25 % 5.83 6 6.35 6.06 6.36 6.39 5.42 5.55 5.47 5.58 5.83 5.75 5.9 
0.5 % 6 6.28 6.37 6.17 6.54 6.56 5.56 5.61 5.62 5.71 5.95 5.92 6.0 
1 % 5.94 6.5 6.43 6.27 6.62 6.63 5.69 5.75 5.8 5.76 6.1 6.14 6.1 
Source means Sites means Year means 
S 1 (MSW compost) 2.73 b AAUR 3.19 a 2012 3.00 b 
S 2 (Farmyard manure) 2.83 a Koont 2.99 b 2013 3.20 a 
S 3 (Poultry litter) 2.85 a         
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levels at all sites in all years. Poultry litter had improved the aggregate formation 
and moisture content at Koont site in 2013, which is the main cause to improve the 
wheat crop growth and eventually biomass yield. As poultry litter and farmyard 
manure had higher concentrations of nutrients as compared to the MSW compost, 
so the nutritionally sufficient levels of these manures is also the driving factor to 
improve the crop growth and yield (Ibrahim et al., 2008). Improvement in 
structural properties and moisture conservation produces a conducive environment 
for high crop productivity. 
4.2.12 Wheat  Grain Yield Under Manures Application 
 At both sites, in 2012 all the levels of manures improved the wheat grain 
yield (Table 16) significantly as compared to control, and in 2013 the application 
of manures at 1 % significantly increased the grain yield. The manure means were 
significant in 2013 at Koont site only. And these results showed that the 
application of poultry litter and farmyard manure at Koont site in 2013 
significantly enhanced the grain yield as compared to MSW compost. It was 
observed that all the manures had similarly improved the grain yield with 
increasing levels, and such non-significant interactions suggest that there is still 
need to add higher levels of manures to improve the wheat grain yield. Poultry 
litter had improved the aggregate formation and moisture content at Koont site in 
2013, which is the main cause to improve the wheat crop growth and eventually 
grain yield. Nutrient concentrations are higher in poultry litter and farmyard 
manure as compared to the MSW compost, so the nutritionally sufficient levels of 
these manures is the main driving factor to improve the crop growth and grain 
yield. 
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Table 16:  Grain yield of wheat crop as affected by the application of manures and their levels 
 
AAUR 2012 AAUR 2013 Koont 2012 Koont 2013 
 
Levels S 1 S 2 S 3 S 1 S 2 S 3 S 1 S 2 S 3 S 1 S 2 S 3 Levels 
 
(Mg ha-1) 
Control 2.43 2.43 2.43 2.85 2.85 2.85 2.10 2.10 2.10 2.63 2.63 2.63 2.63 c 
0.25 % 2.83 2.90 3.15 2.96 3.16 3.19 2.62 2.65 2.57 2.68 2.73 2.65 3.09 b 
0.5 % 2.90 3.08 3.17 2.97 3.24 3.26 2.66 2.71 2.62 2.71 2.75 2.72 3.16 ab 
1 % 2.84 3.20 3.23 3.07 3.22 3.33 2.69 2.75 2.70 2.76 2.90 2.94 3.21 a 
Source means Sites means Year means 
S 1 (MSW compost) 2.96 b AAUR 3.05 a  2012 2.79 b  
S 2 (Farmyard manure) 3.05 a Koont 2.68 b  2013 2.94 a  
S 3 (Poultry litter) 3.06 a         
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SUMMARY 
The process of soil aggregation has an important role in improving soil 
productivity, as it is reflected by the better hydraulic conductivity rates and 
aeration within the soil system. The formation and stability of various aggregate 
size classes are influenced by both the amount and the composition of applied 
organic materials and their interaction between organic and inorganic soil 
components. The different components or pools of organic carbon affect the 
process of aggregate formation and stability such as polysaccharides, microbial 
biomass carbon, humic acid and fulvic acid. This research work was designed to 
achieve the following objectives, (1) to determine humic and non-humic 
substances content and conversion rate in the local organic matter sources, (2) to 
develop relation between the organic source and stable aggregate size, and (3) to 
evaluate the hydraulic conductivity, organic carbon and wheat yield differences 
due to organic amendments applied on equivalent dose basis. 
To accomplish the above mentioned objectives, two experiments were designed, a) 
Dynamics of different non – humic (total polysaccharides, microbial biomass 
carbon) and humic substances (humic acid and fulvic acid) within traditional 
organic materials (MSW compost, Farmyard manure and Poultry litter), b) Effect 
of different organic amendments on soil structural properties and wheat production 
on two different textured soils. The major findings of these experiments are 
followed as under: 
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a) Dynamics of different non – humic (total polysaccharides, microbial 
biomass carbon) and humic substances (humic acid and fulvic acid) 
within traditional organic materials  
These three organic materials (MSW compost, Farmyard manure and 
Poultry litter) were incubated at 30 ± 5°C for period of 180 days, sampled at every 
30 days interval, and analyzed for total organic carbon, total polysaccharides, 
microbial biomass carbon and organic matter fractions (Humic and fulvic Acids). 
The major findings of this experiment are followed as under: 
1. Poultry litter (16.59 %) had the highest contents of total organic carbon 
(TOC) as compared to other manures. Interaction between manures and 
days showed that behavior of different manures during incubation was not 
similar.  
2. Poultry litter had the significantly highest total polysaccharides content  
(6.92 mg Kg-1) as compared to farmyard manure and MSW compost. The 
interaction of organic matter sources and incubation period was non 
significant, which clearly reflects that all the manures behaved similarly 
throughout the incubation period.  
3. The microbial biomass carbon (MBC) in poultry litter was higher than 
farmyard manure and MSW compost throughout the incubation period. The 
trend of manures during incubation period was statistically different.  
4. The poultry litter had higher fulvic acid (FA) content than farmyard manure 
and MSW compost throughout the incubation period. Regardless of the 
incubation period, the FA contents in all the three organic matter sources 
remained statistically equivalent to their initial FA contents.  
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5. The MSW compost had higher Humic Acid (HA) content than farmyard 
manure throughout the incubation period.  
6. Humic acid has shown significant negative correlation with TOC content of 
the manures (r = -0.29), and fulvic acid has a very strong positive 
correlation with TPC of manures (r = 0.73).  
b) Effect of different organic amendments on soil structural properties 
and wheat production on two different textured soils 
The four levels (Control, 0.25, 0.50 and 1.0 % SOC) of each organic 
amendment (MSW Compost, Farm Yard Manure, Poultry Litter) were applied on 
wheat crop (Chakwal 50) for two years (2012 and 2013) at two locations (AAUR 
and Koont). The treatments were replicated three times in two factor factorial 
design, taking manures and their levels as factors. The major results of this 
experiments are narrated as under: 
1. The poultry litter applied at 0.25 % level increased the formation of 2 – 4 
mm, 1 – 2 mm and 0.25 – 0.5 mm aggregates significantly at AAUR site. 
The micro aggregates (0.05 – 0.25 mm) formation  was significantly 
improved by the application of MSW compost at 0.25 % level SOC. At 
Koont site, the application at 1 % levels of poultry litter and farmyard 
manure enhanced the formation of 2 – 4 mm and 1 – 2 mm aggregates at 
Koont site, respectively. At Koont site the formation of 0.25 – 0.5 mm and 
0.05 – 0.25 mm aggregates was enhanced by the application of MSW 
compost at 0.5 % level.  
2. The application of farmyard manure and poultry litter at 0.25 % levels 
significantly improved the mean weight of diameter (MWD) of dry 
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aggregates at AAUR site in 2013 while at Koont site, the results were 
significant in both years. The application of poultry litter in 2012 and 
farmyard manure in 2013, applied at 1 % level improved the MWD of dry 
aggregates. 
3. The application of MSW compost at 0.25 % , 1 % and 0.5 % levels 
enhanced the stability of 4 – 8 mm, 2 – 4 mm and 1 – 2 mm aggregates at 
AAUR site. The stability of 0.5 – 1 mm, 0.25 – 0.5 mm and 0.05 – 0.25 mm 
aggregates significantly improved by the application of farmyard manure at 
0.25 %, 0.5 % and 1 % level SOC, respectively. At Koont site, the 
application of poultry litter at 1 % level SOC, farmyard manure at 0.5 % and 
0.25 % level SOC improved the stability of 4 – 8 mm, 2 – 4 mm and 1 – 2 
mm aggregates, respectively. And the stability of 0.5 – 1 mm, 0.25 – 0.5 mm 
and 0.05 – 0.25 mm aggregates was significantly increased by the 
application of poultry litter (0.5 % level SOC), farmyard manure (0.5 % 
level SOC) and MSW compost (0.25 % level SOC), respectively. 
4. The application of MSW compost at 0.25 % level significantly improved the 
wet mean weight of diameter (MWDwet) at AAUR site, while at Koont site, 
the application of farmyard manure at 1 % level in 2012 and at 0.5 % level 
in 2013, improved the MWD values. 
5. At AAUR site, the application of farmyard manure, MSW compost and 
poultry litter at 0.5 % SOC level improved the carbon content within 4 – 8 
mm, 2 – 4 mm and 1 – 2 mm aggregate size class, respectively. The 
application of MSW compost (1 % SOC level), farmyard manure (0.5 % 
SOC level) and  farmyard manure (1% SOC level) increased carbon 
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contents of  0.5 – 1 mm, 0.25 – 0.5 mm and 0.05 – 0.25 mm aggregates, 
respectively. At Koont site, the application of farmyard manure at the rate of 
0.25 %, 0.5 %, 0.25 % levels, enhanced the associated carbon of 4 – 8 mm, 
2 – 4 mm 1 – 2mm aggregates, respectively.   
6. The application of MSW compost at 0.25 % levels improved the 
conductivity rates at AAUR site, while application of farmyard manure at 
0.25 % level in both years has significantly improved conductivity rate at 
Koont site. Saturated hydraulic conductivity was positively correlated 
(Figure 29) with mean weight diameter of wet aggregates (r = 0.36). 
7. The results regarding total organic carbon (TOC) were non-significant in all 
the years of both experimental sites. The different levels of the manures 
means significantly affected the TOC content of the soil in all years of both 
experimental sites.  
8. The application of poultry litter at 0.25 % and 0.5 % levels significantly 
decreased the bulk density at AAUR site, while at Koont site MSW compost 
at 0.5 % level significantly reduced the bulk density values. 
9. At both sites, the application of all levels raised the moisture contents 
significantly as compared to control in first year of application (2012), on 
the other hand in 2013, the soils applied with poultry litter(0.5 % level SOC) 
showed highest moisture content as compared to all other amendments. 
10. At both sites, all the levels of manures improved the wheat biomass yield 
significantly as compared to control in both years, while at both sites, in 
2012 all the levels of manures improved the wheat grain yield significantly 
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as compared to control, and in 2013 the application of manures at 1 % 
significantly improved the grain yield. 
CONCLUSIONS 
The following points have been concluded from this research work: 
1. The organic sources differ in humic and non-humic composition and their 
conversion rates. 
2. Poultry litter had higher concentrations of microbial biomass carbon and 
polysaccharide contents (active carbon pools), MSW compost had highest 
content of humic acid (passive carbon). 
3. Aggregate formation and stability of different aggregate size fractions 
improved with the different sources of carbon. 
4. Soil structural stability is dependent on the composition of organic sources 
particularly humic acid content.  
5. MSW compost stabilized the soil aggregates significantly due to its highest 
humic acid content, which resulted into increased water flow in the soil. 
RECOMMENDATIONS 
In our study, the application of organic manures at higher levels improved 
the wheat grain yield with a valuable significance. The farming community of 
Pothwar suffers with low yields of wheat crop. This constraint in low yielding 
areas of Pothwar can be addressed by adding the MSW compost (248 t ha-1) or 
farmyard manure (200 t ha-1) or poultry litter (120 t ha-1).  All three of them will 
add similar amount of carbon, so farmers can make a better choice on the basis of 
ease of availability. 
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APPENDICES 
Annex 1:  ANOVA tables for the dry aggregate size distribution 
4 – 8 mm aggregates 
SOV DF AAUR Site 2012 AAUR Site 2013 Koont site 2012 Koont site 2013 
F p ≥ F F p ≥ F F p ≥ F F p ≥ F 
Levels 3 4.08 0.0191 8.54 0.0018 24.64 0.0000 3.94 0.0344 
Manures 2 2.40 0.1141 4.53 0.0128 27.83 0.0000 13.56 0.0000 
Levels * Manures 6 0.84 0.5499 1.99 0.1114 13.12 0.0000 6.59 0.0004 
CV  18.06 12,41 10.94 5.51 
2 - 4 mm aggregates 
SOV DF AAUR Site 2012 AAUR Site 2013 Koont site 2012 Koont site 2013 
F p ≥ F F p ≥ F F p ≥ F F p ≥ F 
Levels 3 1.32 0.2930 6.51 0.0060 7.85 0.0027 6.20 0.0073 
Manures 2 1.07 0.3598 1.69 0.1988 11.44 0.0001 28.19 0.0000 
Levels * Manures 6 0.40 0.8694 6.38 0.0005 4.63 0.0035 11.60 0.0000 
CV  14.82 9.37 10.52 3.07 
1 – 2 mm aggregates 
129 
 
129 
 
SOV DF AAUR Site 2012 AAUR Site 2013 Koont site 2012 Koont site 2013 
F p ≥ F F p ≥ F F p ≥ F F p ≥ F 
Levels 3 0.23 0.8743 17.68 0.0000 0.66 0.5247 0.87 0.4317 
Manures 2 0.59 0.5616 2.11 0.1280 3.97 0.0211 27.03 0.0000 
Levels * Manures 6 0.38 0.8810 20.54 0.0000 0.78 0.5923 8.11 0.0001 
CV  14.08 5.93 14.26 3.66 
0.5 – 1 mm aggregates 
SOV  DF AAUR Site 2012 AAUR Site 2013 Koont site 2012 Koont site 2013 
F p ≥ F F p ≥ F F p ≥ F F p ≥ F 
Levels 3 0.30 0.8235 1.72 0.2023 4.29 0.0267 0.59 0.5613 
Manures 2 0.66 0.5287 2.64 0.0750 2.31 0.1043 8.26 0.0007 
Levels * Manures 6 0.33 0.9141 7.47 0.0002 1.56 0.2068 7.91 0.0001 
CV  15.32 9.20 16.66 4.46 
0.25 – 0.5 mm aggregates 
SOV DF AAUR Site 2012 AAUR Site 2013 Koont site 2012 Koont site 2013 
F p ≥ F F p ≥ F F p ≥ F F p ≥ F 
Levels 3 6.43 0.0027 0.11 0.8951 10.27 0.0007 1.23 0.3115 
Manures 2 1.81 0.1868 11.07 0.0001 4.15 0.0179 1.88 0.1631 
Levels * Manures 6 1.52 0.2177 7.57 0.0002 6.11 0.0007 2.54 0.0505 
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CV  9.35 7.33 26.72 6.02 
0.05 – 0.25 mm aggregates 
SOV DF AAUR Site 2012 AAUR Site 2013 Koont site 2012 Koont site 2013 
F p ≥ F F p ≥ F F p ≥ F F p ≥ F 
Levels 3 8.72 0.0005 18.33 0.0000 9.65 0.0010 2.18 0.1367 
Manures 2 5.72 0.0100 5.80 0.0045 20.70 0.0000 8.49 0.0006 
Levels * Manures 6 1.28 0.3066 3.85 0.0089 5.03 0.0022 22.75 0.0000 
CV  20.77 8.89 26.22 3.80 
Mean weight diameter of dry aggregates 
SOV DF AAUR Site 2012 AAUR Site 2013 Koont site 2012 Koont site 2013 
F p ≥ F F p ≥ F F p ≥ F F p ≥ F 
Levels 3 2.08 0.1325 10.28 0.0007 9.68 0.0010 5.16 0.0146 
Manures 2 1.62 0.2198 3.73 0.0262 18.42 0.0000 13.38 0.0000 
Levels * Manures 6 0.60 0.7263 2.98 0.0276 6.44 0.0005 5.91 0.0009 
CV  14.17 8.75 8.23 3.13 
 
Annex 2:  ANOVA tables for the stable aggregates of different sizes 
4 – 8 mm aggregates 
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SOV DF AAUR Site 2012 AAUR Site 2013 Koont site 2012 Koont site 2013 
F p ≥ F F p ≥ F F p ≥ F F p ≥ F 
Levels 3 6.03 0.0081 0.03 0.9697 45.98 0.0000 56.10 0.0000 
Manures 2 59.93 0.0000 1.63 0.2120 14.43 0.0000 27.02 0.0000 
Levels * Manures 6 3.49 0.0141 2.83 0.0338 34.60 0.0000 39.31 0.0000 
CV  14.09 61.99 13.76 6.78 
2 - 4 mm aggregates 
SOV DF AAUR Site 2012 AAUR Site 2013 Koont site 2012 Koont site 2013 
F p ≥ F F p ≥ F F p ≥ F F p ≥ F 
Levels 3 0.04 0.9572 96.55 0.0000 553.54 0.0000 387.61 0.0000 
Manures 2 6.63 0.0023 68.46 0.0000 336.59 0.0000 193.31 0.0000 
Levels * Manures 6 2.96 0.0282 22.81 0.0000 233.46 0.0000 161.12 0.0000 
CV  38.73 11.62 8.20 9.92 
1 – 2 mm aggregates 
SOV DF AAUR Site 2012 AAUR Site 2013 Koont site 2012 Koont site 2013 
F p ≥ F F p ≥ F F p ≥ F F p ≥ F 
Levels 3 23.89 0.0000 10.90 0.0005 694.79 0.0000 9.94 0.0008 
Manures 2 31.00 0.0000 29.58 0.0000 288.87 0.0000 27.14 0.0000 
Levels * Manures 6 4.19 0.0059 9.52 0.0000 233.64 0.0000 26.07 0.0000 
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CV  16.34 18.71 6.12 12.19 
0.5 – 1 mm aggregates 
SOV  DF AAUR Site 2012 AAUR Site 2013 Koont site 2012 Koont site 2013 
F p ≥ F F p ≥ F F p ≥ F F p ≥ F 
Levels 3 5.51 0.0115 8.04 0.0024 247.83 0.0000 2.62 0.0956 
Manures 2 17.10 0.0000 10.65 0.0002 164.81 0.0000 53.27 0.0000 
Levels * Manures 6 8.65 0.0001 15.01 0.0000 133.56 0.0000 10.52 0.0000 
CV  5.50 21.95 5.50 7.48 
0.25 – 0.5 mm aggregates 
SOV DF AAUR Site 2012 AAUR Site 2013 Koont site 2012 Koont site 2013 
F p ≥ F F p ≥ F F p ≥ F F p ≥ F 
Levels 3 5.96 0.0085 55.32 0.0000 45.39 0.0000 8.50 0.0018 
Manures 2 21.95 0.0000 46.54 0.0000 310.71 0.0000 30.57 0.0000 
Levels * Manures 6 7.82 0.0001 30.82 0.0000 28.60 0.0000 1.40 0.2596 
CV  11.69 9.72 3.90 4.14 
0.05 – 0.25 mm aggregates 
SOV DF AAUR Site 2012 AAUR Site 2013 Koont site 2012 Koont site 2013 
F p ≥ F F p ≥ F F p ≥ F F p ≥ F 
Levels 3 4.22 0.0280 8.28 0.0021 1162.5 0.0000 45.36 0.0000 
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Manures 2 18.70 0.0000 26.68 0.0000 55.75 0.0000 237.43 0.0000 
Levels * Manures 6 2.21 0.0803 4.69 0.0032 152.09 0.0000 66.16 0.0000 
CV  14.45 6.14 5.00 3.38 
Mean weight diameter of wet stable aggregates 
SOV DF AAUR Site 2012 AAUR Site 2013 Koont site 2012 Koont site 2013 
F p ≥ F F p ≥ F F p ≥ F F p ≥ F 
Levels 3 3.18 0.0610 1.61 0.2220 91.25 0.0000 43.55 0.0000 
Manures 2 60.08 0.0000 2.12 0.1272 24.10 0.0000 169.14 0.0000 
Levels * Manures 6 2.40 0.0612 2.83 0.0340 24.43 0.0000 72.93 0.0000 
CV  12.14 34.49 7.02 3.54 
 
Annex 2:  ANOVA tables for the carbon contents of stable aggregates 
4 – 8 mm aggregates 
SOV DF AAUR Site 2012 AAUR Site 2013 Koont site 2012 Koont site 2013 
F p ≥ F F p ≥ F F p ≥ F F p ≥ F 
Levels 3 13.47.7 0.0000 0.03 0.9697 17.93 0.0000 11.18 0.0001 
Manures 2 3.97 0.0336 1.63 0.2120 21.22 0.0000 4.47 0.0236 
Levels * Manures 6 25.55 0.0000 2.83 0.0338 16.51 0.0000 3.42 0.0154 
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CV  4.03 61.99 15.38 17.08 
2 - 4 mm aggregates 
SOV DF AAUR Site 2012 AAUR Site 2013 Koont site 2012 Koont site 2013 
F p ≥ F F p ≥ F F p ≥ F F p ≥ F 
Levels 3 776.63 0.0000 96.55 0.0000 115.05 0.0000 114.48 0.0000 
Manures 2 12.68 0.0002 68.46 0.0000 100.08 0.0000 429.37 0.0000 
Levels * Manures 6 23.01 0.0000 22.81 0.0000 99.40 0.0000 227.62 0.0000 
CV  8.71 11.62 9.65 6.34 
1 – 2 mm aggregates 
SOV DF AAUR Site 2012 AAUR Site 2013 Koont site 2012 Koont site 2013 
F p ≥ F F p ≥ F F p ≥ F F p ≥ F 
Levels 3 360.67 0.0000 10.90 0.0005 163.43 0.0000 194.96 0.0000 
Manures 2 103.40 0.0000 29.58 0.0000 281.14 0.0000 96.49 0.0000 
Levels * Manures 6 37.68 0.0000 9.52 0.0000 89.52 0.0000 443.16 0.0000 
CV  6.65 18.71 9.95 4.12 
0.5 – 1 mm aggregates 
SOV  DF AAUR Site 2012 AAUR Site 2013 Koont site 2012 Koont site 2013 
F p ≥ F F p ≥ F F p ≥ F F p ≥ F 
Levels 3 2155.6 0.0000 8.04 0.0024 122.14 0.0000 1156.7 0.0000 
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Manures 2 2531.3 0.0000 10.65 0.0002 291.49 0.0000 34.32 0.0000 
Levels * Manures 6 618.36 0.0000 15.01 0.0000 66.93 0.0000 590.32 0.0000 
CV  3.23 21.95 8.42 1.68 
0.25 – 0.5 mm aggregates 
SOV DF AAUR Site 2012 AAUR Site 2013 Koont site 2012 Koont site 2013 
F p ≥ F F p ≥ F F p ≥ F F p ≥ F 
Levels 3 558.71 0.0000 55.32 0.0000 999.83 0.0000 516.71 0.0000 
Manures 2 117.89 0.0000 46.54 0.0000 420.0 0.0000 134.89 0.0000 
Levels * Manures 6 150.84 0.0000 30.82 0.0000 159.43 0.0000 22.05 0.0000 
CV  4.45 9.72 2.78 1.52 
0.05 – 0.25 mm aggregates 
SOV DF AAUR Site 2012 AAUR Site 2013 Koont site 2012 Koont site 2013 
F p ≥ F F p ≥ F F p ≥ F F p ≥ F 
Levels 3 1831.7 0.0000 8.28 0.0021 952.82 0.0000 3012.2 0.0000 
Manures 2 392.51 0.0000 26.68 0.0000 4297.7 0.0000 504.1 0.0000 
Levels * Manures 6 201.95 0.0000 4.69 0.0032 762.62 0.0000 818.08 0.0000 
CV  2.29 6.14 2.48 1.42 
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Annex 2:  ANOVA tables for the different soil physical properties 
Field Saturated Hydraulic Conducytivity 
SOV DF AAUR Site 2012 AAUR Site 2013 Koont site 2012 Koont site 2013 
F p ≥ F F p ≥ F F p ≥ F F p ≥ F 
Levels 3 10.85 0.0013 51.74 0.0000 19.09 0.0001 1.78 0.2089 
Manures 2 15.70 0.0006 134.65 0.0000 4.06 0.0478 1.26 0.3210 
Levels * Manures 6 4.39 0.0165 86.21 0.0000 3.98 0.0231 6.56 0.0038 
CV  26.29 7.68 34.54 33.45 
Gravimetric Moisture Content 
SOV DF AAUR Site 2012 AAUR Site 2013 Koont site 2012 Koont site 2013 
F p ≥ F F p ≥ F F p ≥ F F p ≥ F 
Levels 3 6.34 0.0029 6.42 0.0027 6.34 0.0029 6.42 0.0027 
Manures 2 0.82 0.4525 6.72 0.0053 0.82 0.4525 6.72 0.0053 
Levels * Manures 6 1.84 0.1381 10.01 0.0000 1.84 0.1381 10.01 0.0000 
CV  27.34 13.88 27.34 13.88 
Soil Bulk Density 
SOV DF AAUR Site 2012 AAUR Site 2013 Koont site 2012 Koont site 2013 
F p ≥ F F p ≥ F F p ≥ F F p ≥ F 
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Levels 3 1.23 0.3220 337.41 0.0000 17.74 0.0000 26.54 0.0000 
Manures 2 2.22 0.1323 81.84 0.0000 32.04 0.0000 6.94 0.0046 
Levels * Manures 6 2.00 0.1093 98.57 0.0000 8.33 0.0001 12.08 0.0000 
CV  6.46 0.61 1.68 1.28 
Total Soil Porosity 
SOV  DF AAUR Site 2012 AAUR Site 2013 Koont site 2012 Koont site 2013 
F p ≥ F F p ≥ F F p ≥ F F p ≥ F 
Levels 3 1.23 0.3220 337.42 0.0000 17.74 0.0000 25.68 0.0000 
Manures 2 2.22 0.1323 81.84 0.0000 32.04 0.0000 4.98 0.0059 
Levels * Manures 6 2.00 0.1093 98.57 0.0000 8.33 0.0001 13.0 0.0001 
CV  9.80 0.77 1.97 1.57 
Total Organic Carbon 
SOV DF AAUR Site 2012 AAUR Site 2013 Koont site 2012 Koont site 2013 
F p ≥ F F p ≥ F F p ≥ F F p ≥ F 
Levels 3 8.00 0.0042 3.86 0.0414 2.42 0.1213 4.56 0.0261 
Manures 2 0.31 0.7265 1.81 0.2094 1.50 0.2654 0.30 0.7488 
Levels * Manures 6 2.93 0.0584 2.45 0.0939 0.67 0.6766 1.45 0.2799 
CV  18.91 11.37 31.75 40.03 
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Annex 2:  ANOVA tables for the wheat crop yield 
Wheat Biomass Yield 
SOV DF AAUR Site 2012 AAUR Site 2013 Koont site 2012 Koont site 2013 
F p ≥ F F p ≥ F F p ≥ F F p ≥ F 
Levels 3 20.65 0.0000 6.48 0.0026 31.65 0.0000 30.86 0.0000 
Manures 2 2.16 0.1394 2.87 0.0781 0.13 0.8779 11.64 0.0004 
Levels * Manures 6 0.35 0.0021 0.34 0.9076 0.02 1.0000 1.98 0.1129 
CV  7.49 4.82 7.92 1.87 
Wheat Grain Yield 
SOV DF AAUR Site 2012 AAUR Site 2013 Koont site 2012 Koont site 2013 
F p ≥ F F p ≥ F F p ≥ F F p ≥ F 
Levels 3 23.01 0.0000 8.57 0.0006 29.55 0.0000 24.90 0.0000 
Manures 2 1.15 0.3335 2.42 0.1120 0.22 0.8033 15.99 0.0001 
Levels * Manures 6 0.16 0.9850 0.40 0.8722 0.03 0.9998 1.84 0.1371 
CV  7.55 3.25 10.02 2.23 
 
